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Geology. — “On the Secretion of Phosphates in the stems of 
Djatikapur | Tectona grandis L.]’. By Prof. A. WICHMANN. 


(Communicated in the meeting of November 301913). 


The natives of the Indian Archipelago designate the nodular 
secretions in organisms, no matter whether they are of vegetable or 
of animal origin as -mestika‘). Petrifications are also sometimes in- 
cluded among them. To some of those formations people ascribe a 
healing power or they are used as talismans, as is the case among 
other peoples. 

Such seeretions oeeurring in the wood tissue of trees — meslika 
kaju — were first revealed by G. E. Rumpnivs; he, however, adduced 
only few speeimens. He detected them in the stems of Casuarina 
in the gowasa- or kofaso-wood (Vilex Cofassus Reinw.) in the 
sanga-wood (Tristanıa obovata R. Br.) and in the concretions of the 
kemwuming-batu (Murraya?), which he classified as dendritis arborea®). 
It is remarkable, though, that he remained ignorant of the fact — 
like other old writers — that the Djati-tree®) (Tectona grandis L.) 
known to him, sometimes contains secretions, which, as to size and 
quantity, surpass those of all plants. He, indeed, reports one descrip- 
tion, viz. that of the djati batu, (stone-djati), but since he considers it to 
be the best kind and does not mention any petrous concretions, it,.can 
hardly be identified with the djati kapur. Although it cannot be 
doubted that the Javanese, who have ever made a frequent use of 
Tectona-wood, were acquainted with djati-kapur‘), the first mention 
. of this variety is found in a report presented by Tuomas HoRNFIELD 


!) Among the first-mentioned the best known are the mestika awi — the 
tabaschir oceurring in the knots of bamboo — and the mestika kalapa — 
secretions from calciumcarbonate in cocoanuts. RumpHuıus also enumerates: 
mestika bras, mestika gondu, mestika nangka, mestika Pinang and mestika pisang. 
Among those from animal organisms are noted Ihe mestika ular (snakestone) 
the mestika babi (pedra de porco) and the bezoar. 

?) “D’Amboinsche Rariteitkamer””, Amsterdam, 1705, blz. 323. To my knowledge 
not one of those formations have been examined. Of them there is consequently 
no record in the literature. 

3) Herbarium Amboinense, 3, Amsterdam 1743, blz. 34—36. 

4) Kapur means lime. 
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to Marshal Daenners on May 31,1808 '), referred to by ©. L. BLume 
in 1859 °). 
Architectural experts and shipbuilders evinced a greater interest. 
H. pe Bruyn asserted in 1851 that djati kapur is considered to be 
of the least quality, “on account of the calcareous secretions found 
in it”. ®) A little more is said by C. G. von Dentsca, when he tells 
us that “the tree is named after the veins of sulphurice acid lime, 
which are often visible over the whole length of the stem and seem 
to be owing to the lime particles ascending with the saps’” *). Two 
years later F. JunGnunn called attention to the fact that those secre- 
tions were restrieted to the specimens of Tectona growing on lime- 
marl deposits, such as are found especially in the residences of 
Rembang and Surabaya°). Some geologists disagree as to. the nature 
of these secretions. Whereas von Dentzsch takes them to be caleium- 
sulphate, Hrrman Crücer (1857) holds that “Tectona grandıs” is 
“nach ihrem durch das Mikroskop bestimmbaren Gehalt an Kiesel 
_ eine schwache Kieselpflanze”’, but he omits telling us how he could 
establisb the presence of siliceons particles. He also fancield he had 
observed “dass die Zellwände von kohlensauren Erden eingenommen 
und sich zwischen grossen Kieselkörpern ohne bestimmbare Formen 
befinden” °). Subsequent investigators have not detected this either and 


1) For aught I know H. W. DAEnDELS was the first to report djati kapur. 
In Art. 39 of his “Instructie voor de Boschgangers’’ dd. Samarang, 21 Augustus 
‘1808, we read: “Den Lande reserveert van zich de uitsluitende behering, afvoer 
en debiet van het jatiehout zo van de drie hoofdsoorten: 


“Jati Soengie (read djuti sungu) 
— Doerie (read djati doreng) 
— Kapok” (read djati kapur) 


(Staat der Nederl.-Oostindische Bezittingen, 1808— 1811. "sGravenhage, 1814, 
Bijlage 3, in voce Houtbosschen;). } 

2) Over eenige Indische houtsoorten. Versl. en Meded. K. Akad. v. Wetensch. 

Afd. Natuurk. 9, Amsterdam 1859, p. 44. 
3) Bijdragen tot de kennis der Bouwkunde in Nederl.-Indie, Batavia, 1851, p. 10. 

4) Aanteekeningen omtrent proeven, welke in 1852 in den Artillerie Konstructie- 
winkel te Soerabaja met djatihout genomen werden. Tijdschr. voor Nijverheid in 
Ned.-Indiö, 2, Batavia 1855, blz. 2; see further A. van LAKERVELD en G. L. Brocx, 
Handleiding voor bouwkundigen en industrieelen in Nederl. Oost-Indie, 1, ’sGraven- 
hage 1863, p. 79—80. — D. BoEkE, Het Javaansch Djattiehout beschouwd als 
scheepstimmerhout, Verhandel. en Berigten betr. het Zeewezen, 29, Amsterdam, 
1869, p. 171. — D. Boske, A Word to ship-builders about Java Teak. Nautical 
Magazine, 39, London 1870, blz. 450. 

5) Over de fossiele zoogdierbeenderen te Patihajam, Natuurk. Tijdschr. Nederl.: 
Indie, 14, Batavia 1857, p. 219. 

6) Westindische Fragmente, Botanische Zeitung, 15, Leipzig 1857, Eee 
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as early as the following year D. Pıes was able to show analyti- 
cally that the secretions in djatiwood consisted chiefly of caleium- 
phosphate (analysis I) '). ABer, who with the same object examined in 
1862 the concretions in teakwood, arrived at a fairly similar result. 
(Analysis 11) ?). 

The experiments of either, however, did not prevent WINKELMANN 
from asserting 16 years later: “Im Holzparenchym sieht man kürzere 
mit oxalsaurem Kalk’) und längere mit. Luft oder Harz angefüllte 
Zellen. Kieselsäure.ist durch die ganze Holzmasse verbreitet‘). 

We owe the latest analyses of concretions that have come to my 
knowledge to G. Taoms. The results were very similar to those of 
his predecessors, so that he felt justified in saying that they were 
composed of an aqueous calciumphosphate expressed in the formula: 
2CaH, HH, PO’ + Xaq’\. 

I have been induced to make a new experiment by samples of 
concretions, for which I am indebted to the kindness of Dr. H. C. 
PRINSEN-GEERLIGs, then of Kagok Tegal. The samples are elongated, 
more or less angular, to a length of 50 cm. and of + '!/, to 1 cm. 
diameter, the weight not exceeding 5 grms°). They evidently originate 
from hollows that run parallel to the long axis of the stem and 


!) Onderzoek naar de samenstelling eener witte stof, welke zich in het hart, 
alsmede in de scheuren van sommige djatiboomen afzet, waarom de boomen bij 
de Inlanders den naam van Djati-Kapor dragen. Nat. Tijdschr. Ned.-Indie, 15, 
Batavia 1858, p. 345—348 (extract: Examen d’une matiere blanche inorganique 
dans l’interieur du tronce de l’arbre djati ä Java. Journ. de Botan. Neerl. 1, 
Amsterdam-Utrecht 1861, p. 135—136. 

?) J. S. GAMBLE, A Manual of Indian Timbers, 2d ed. London 1902, p 533. 

3) JuLıus WıEsnER (Die Rohstoffe des Pflanzenreiches 2, Leipzig 1903, 2te Aufl. 
p. 1005) was mistaken in presuming that G. A. Buırs also has assumed the 
presence of calciumoxalate. ur, 

*), Fremde Nutzhölzer, Die Natur. Halle a,S. 1878, p. 93. — CarL Sanıo was 
the first to record something about the anatomical structure of Tectona grandis 
(Vergleichende Untersuchungen über die Elementarorgane des Holzkörpers, Bot. 
Zeitung 21, Leipzig 1863, p. 110—111), J. W. H. Corpes (De Djati-bosschen op 
Java, Batavia 1881, p. 22—26, pl. III, fig. 1, 2) and G. A. Brirs (De anatomische 
bouw der Oost-Indische IJzerhoutsoorten en van het Djatihout. Bull. van het 
Kolon. Museum te Haarlem, 19, Amsterdam 1898, p. 48—50, pl. VI) gave fuller 
descriptions. The latter was in a position to see the phosphate secretions as 
fillings of the vessels. 

°) Beitrag zur Kenntniss des Teakholzes (Tectona grandis). Die Landwirtsch. 


Versuchsstationen 23, Berlin 1879, p. 68—69, 416—417) 
6 
) 


Similar concretions may appear like fine dust, scattered in the wood as white 
powdery, circular or irregular particles. On the other hand they may far surpass 
as to size and circumference any known secretion in the vegetable kingdom. 
W. J. Spaan has observed concretions of an arm's thickness. (Aanteekeningen over 
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were originally fillings of the vessels. Only few of the sanıples were 
flattened (# I or 2 mm. thick); they seem to have been fillings of 
the clefts in the wood, -evolved from the expansion consequent on 
the growth ofthe stems. On the fractures all the fragments’are snow- 
white, somewhat cretaceous, but slightly harder I1.—2)°). The 
specific weight is 2.240. 

In thin sections two different substances are discernible under the 
microscope. The one presents itself as irregular grains, clear as 
water, often enclosing the vest of the forest material i.e. libriforn 
fibres. They are yellowish-brown, elongated, isolated cells, more or 
less curved and pointed at the extremities. The secretion from the 
wood very likely caused parts of the wood-tssue to be dislocated 
and the fibres to be deformed. The exponent of refraction is not 
very high and as to double refraction in polarised light, the inter- 
ference colours do not rise higher than the blue ofthe second order. 
The angles of extinetion were 21—22} degrees, but some were 31° 
or even 37°*). A proper orientation could rarely be obtained owing 
to the lack of cerystals and of distinet cleavage planes. 

The second substance is turbid and finely fibrous. It consists of 
spherolithlike aggregate, presenting in polarised light a slanting cross, 
which shows that, like the first, it belongs to a clinobasie system 
of erystals. The very fine need- 
les generally have a length 
of 0.05 mm., though there are 
some of still smaller dimen- 
sions. However tlıe fibres some- 
times extend into prisms 0.2 
mm.long and 0.008 mm. broad. 
The refraction is stronger witlı 
them than with the grains 
described above, but like them 
they are optically positive. It 
seems to me that the phos- 
phate. appearing in {the form 
of aggregates is of secondary 


de in het boschdistrikt Madioen voorkomende zoogen. djativariöteiten. Boschbouw- 
kundig Tijdschrift. Tectona 4, Noordwijk-Weltevreden 1911, p. 473). 

1) J. W. H. Corpes (De Djatibosschen op Java, Batavia 1881, p. 27) says on 
the contrary that the coneretions are as a rule very hard, so that they sometimes 
injure the axes. 

2) In the process of grinding thin sections some pressure on the soft grains may 
have been of some influence on the optic qualities. 
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origin i. e. a product of a morphologieal change of the above grains. 
Also from this fact it appears that the segregations sometimes, SO 
to speak, erode the grains. It is also remarkable that those prisms 
and neeudles extinguish “einheitlich”, but present aggregate polarisation, 
from which we conelude that they have undergone a molecular 
conversion and belong to a compound of only little stability. 

A mechanical separation of the two substances was impracticable 
in consequence of their softness. While being rubbed in the mortar 
they were completely mixed up, 

The number of analyses of concretions is not large. They have 
been tabulated on the next page. N. I is made by D. Pres'), n®. II 
by Prof. Askı?), n®. III and IV by G. Tnous°), while n®. V of the 
substance described above was carried out in the Heidelberg Chemical 
Laboratory of Prof. M. Dirrkich. 

The analyses carried out by Pues, Auer and Tuoms revealed that 
the concretions from teakwood consist of an aqueous calcium, 
phosphate, of a composition about similar to that of Brushite *), which 
theoretically is composed as follows: 


N he 
Dal a 
5 1 BR en ie 

100.00, 


which corresponds to the formula HCaPO° + 2H°O. 

The differences in the various results of the analyses may be 
accounted for by the fact that some admixtures were overlooked 
and also that the methods of estimating the constituents, which were 
then in use, involved errors that could not be avoided. 

Thus far experience had taught that the composition of the secretions 
in plants is very constant. We need only remember the mestika awi 
(tabaschir), the mestica kalapa, the secretions from caleiumearbonate. 


known by the name of eystolites, and lastly the erystallizations of 
calcium oxalate. 


!) Onderzoek naar de samenstelling eener witte stof, welke zich in het hart 
alsmede in de scheuren van sommige djatiboomen afzet. (Natuurk. Tijdschr 
Ned.-Indi& 15, Batavia 1858, p. 345—-348). The recaleulation is mine. 

2) J. S. GAmBLE, A Manual of Indian Timbers, New Ed. London 1902 p- 533 

») G. THoms, Beitrag zur Kenntniss des Teakholzes (Tectonia N, Die 
Ländwirthschaftl. Versuchsstationen 28, Berlin 1879, p. 416—417. a 

*) G.. E. Moore, On Brushite, a new mineral occurring in Phosphatic Guano 
Proceed. California Acad. of Nat. Seience 3, 1867, San Francisco 1868, blz. 167168.) 
Amer. Journ. of Sc. (2) 39, New Haven 1865, p. 4344, — Arau Scrurren‘ 
Recherches sur le phosphate diealeique. Reproduction artificielle de la briishite, 
Bull. Soc. frang. de Mineralogie 26, Paris 1903, p. 12. "sr 
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I Il I IV. V 
Sio? | m > 1} | a ARE 
P2O5 90.14. | 43.35 | 42.90 39.42 | 39.46 
co: ee 0.05 
A1203 x = = BR 0.05 
Fe203 SE —. | 0.0 | 0.0 
CaO | 29.35: | 34.04 | 33.24 | 29.78 | 16.75 
MgO ee ee en 11.64 
(NH92O N En | I: = 
H2O (at 100 resp. 110°) | 0.50 5.92 10.40 | 6.1 | 
H2O (loss of heat) 28.00 1 *.| 18.54 | 12.26..1.25.00 
Insoluble (organ. matter))| 2.01 —_ — 1.79 E= 
EB nes mas er 
100.00 | 100.00 | 100.00 | 100.00 | 100.35 


Le 


It was, therefore, exceedingly striking that Dr. H. Hscoar. (leader 
of Prof. M. Dirreıc#’s Laboratory at Heidelberg) achieved results 
widely different from the four above-mentioned cases. 

Leaving out of consideration the substances traced for the first 
time in small quantities, the high amount of magnesium oxide is 
most conspieuous. Pı.xs had not found any of it, Aseı, 1.86 °/, and 
Tuoms only 0.34°/,. An increase to 11.64 °/, coineided with a 
decrease of ealeium oxide to 16.75 °/,. Since microscopical examina- 
tion had already established that the secretions were {0 be considered 
as a mixture of two substances, we could hardly conelude that we 
had to do with a double salt viz. a caleium-magnesiumphosphate. 
Moreover it appeared from the caleulation that the composition did 
not correspond with a similar eompound — H’CaMg(PO°)’ + 4H’0 — 
whieh would require 43.22 P’O°, 17.08 CaO, 12.28 MgO, 27.42 H’O. 

The presence of a mechanical mixture of a caleium- and a mag- 
nesiumphosphate or of a ealeium- and a caleiummagnesiumphosphate 
seemed to me much more plausible. On the assumption that the 
coneretions examined by us, contain the caleium-phosphate demon- 
strated by Pıns, Asset, and Tnons, the magnesiumphosphate may be 
computed from the analysis. When subtraeting the 0.53 SiO’, 0.05 
-Al:O®, 0.07 Fe?O’, 0.05 CO? present, and the 0.06 CaO required for 
the combination of the CO? the remainder will be in percentages: 
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PON... 3 0 2 
CD tee Er 
MEO2 N. 11008 a Re 11.68 
0m 48 31.03 = v13.07 18.46 

51.49 48.51 


The percentages of the composition of magnesiumphosphate will 
then be 


P:O: .. ... 37.88 
MgO-... . . 24.07 
H’O .... 38.05 

100.00 


which fairly correspond with the formula 
HMgPO*‘ + 3'/, H’O 


which requires 


P:O' . . , 89.58 
Mg0 .... 22.50 
H’O ... ..37.92 

100.00 


In eritieizing the above caleulation we should bear in mind that 
a complete ceorrespondence with the results of the analysis cannot 
be expected on account of our ignorance of the influence.of small 
quantities of SiO*, AP’O° and Fe’O®. In part at least they originate 
from the enelosed fragments of woodtissue, which apart from that 
also contains P?O’, CaO and MgO. 

‚ The magnesiumphosphate in the above caleulation is unknown 
in nature !); but there is another reason to assume that the second 
substance is not a magnesiumphosphate, but a caleium-magnesium- 
phosphate, viz. the fact that the original caleiumphosphate does not 
nearly make up half the coneretions. It follows then that caleium- 
oxide must also be present in the fibrous aggregates. 

The answer to the second question viz. to what the considerable 
difference in the chemical composition of the concretions is to be 
attributed, is given in the ash-analyses tabulated below ; N’ VI (of 


the sapwood) and VII (of the heartwood) we owe to R. Romanıs si 
and those of VIII to G. Thoms Ri 


) We only have Bobierrite Mg(PO%? +5 H?O with 40,21 P205, 34.28 MgO, 
25,5l H?O and Newberyite HMgPO+--3H°0 with 40,71 P205, 23,14 MgO 
36,15 H2O. 


2) JS. GAMBLE, A Manual of Indian Timbers, London 1902, p. 532, 


3) Beitrag zur Kenntniss des Teakholzes, Die Landwirtschaftl. Versuchsstationen 
23, Berlin 1879, p. 419. 
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As could be expected the constituents of the secretions are also 
found in the ash of the wood of varieties of Tectona grandis not be- 
longing to djati kapur. Furthermore, if we refleet that in the sappy 


v1. v1. vin. | 
Sio2 23.36 32.69 24.98 
P205 31.97 27.42 29.61 
So3 ai er 2.22 
Fe203 2.42 1.79 0.80 
| Ca0 1.35 11.80 31.35 
MgO 30.57 21.97 9.14 
K2O 15 1.51 1.47 
Na20 2.58 2.82 0.04 
cı wer u 0.0 
co: > 2, 8.08 
2.2 FR ee A EIERN KEREHERFR 

100.00 100.00 100.23 


outer layers of the wood concretions never occur, though their con- 
stituents are present, we may safely conclude that there must be 
some relation between those secretions and the deerement of the 
amount of sap. 

The amount of phosphorie acid in the 3 analyses does not vary 
considerably ; there is a difference with respect to caleium- and mag- 
nesium oxide. A comparalive index is given by tlıe analyses of 
Romanıs, because the heartwood and the sapwood were examined 
inter se. With reference to this it should not be forgotten, that the 
heartwood yielded 1°/,, the sapwood ouly 0.74 °/, of ash. In this 
way the larger amount P?O* (31.97 °/,) in the sapwood against 27.42 
°/, in the heartwood, is only an overestimation, for the wood it is 
no more than 23.66. In the same way we get 5.44 instead of 7.35 
°,, of CaO and 22.62 instead of 30.57 °/, of MgO. It will be seen 
that the CaO-content of the heartwood (11.80 °/,) is more than twice 
that of the sapwood (9.44 °/,), which readily accounts for the secre- 
tion of phosphate; it does not, however, point to the causes of this 
secretion, for they are the rule with djatt kapur and the exception 
with other varieties. Apparently softness and less solidity of the wood 
tissue go together with secretions, whieh result from them. In the 
analysis by Trous VII we notice a MgO-eontent of only 0.94 °/, 
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against 31.35 of CaO. With reference to this it is obvious that the 
phosphate engendered contained chiefly only Ca, while from the ash 
analysis the conclusion might be drawn that one tree absorbs more 
Mg than the other. 

I think it is in keeping with the general rule to state that the 
concretions have originally been made up of caleinmphosphate, which 
afterwards was gradually changed under the influence ofa detached 
organic magnesiumsalt. This change caused the formation of magne- 
siumphosphate, which is more diffieult to dissolve ') .The clear crystal 
grains could then be looked upon as the still untouched remainder 
of the caleiumphosphate. Without such a metamorphosis the two phos- 
phates must have been secreted simultaneously, which does not seem 
probable to me.. Still less can there be any question of periodieity 
in the secretion of the two. phosphates, because this would have to be 
proved by a zonary structure, which could not be detected in any 
of the preparations. To solve the question we need a larger amount 
of material. I also deem it necessary to analyse, besides the con- 
cretions themselves, also the wood of the stems from which they 
originate. 

Tectona grandis is the ‚greatest phosphorus devourer known, it 
would, therefore, be interesting to find out whether on that aceount 
it also spoils the soil’). The amount of phosphorie acid it absorbs, 
may be computed from the annual amount of djati wood, cut in 
Java. From 1902 to 1915 (inelusive) it was 

3.148950 M.* of timber and 
11.035108 M.* of firewood °), 
representing respectively a weight, of 2074.347000 kg.‘) and 
4855.447740 ke. ’). 
According to Romanıs heartwood yields 1°/, and sapwood 0.74 °/, 


!) I do not think it at all improbable that such a change can be cffected experi- 
mentally, viz. through impregnation of squashed cell-sap of Mg-rich teak-trees into 
normal concretions of calciumphosphate. 

?) The question whether djati is a spoiler of tlıe ground has given rise to some 
controversy, however, only with respect lo the slight formation of humus in the 
forests. (J. G. GLABSEN, lets over djati. Boschbouwkundig Tijdschr. Tectona 1. 
Noordwijk-Weltevreden 1908—9, p- 166. — H.J. KERBERT, Is djati grondbe- 
derfster? Ibid. 1. 1908—9, p. 301—304; 2. 1909 —10, p. 44—46. — J. C. CLAEsEn. 
Antwoord aan den heer KERBERT. Ibid. 1,.n..'575) i 

®) Verslag van den Dienst van het Boschwezen in Nederl.-Indi& over het jaar 
1915. Batavia 1916, p. 18. 

‘) The average specific weight was fixed at 0,66. 

°) Firewood is calculated by the running meter. It consists of branches and 
. other debris of wood, leaving empty spaces that were subtracted as Us. 
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of each‘). The timber may be chiefly considered as heartwood, so 
that the amount mentioned above must yield 20.743470 kg., con- 
“taining 5.694082 kg. of phosphorie acid. To prevent overestimation 
the firewood was taken for sapwood. A weight of 4855.447740 kg. 
furnished 35.930313 kg. of ash containing 11.486921 kg. of phosphorie 
acid. The total amonnt of P*O* of which the ground of the djati- 
forests were deprived in the years 1902—1915 is 17.181003 kg. or 
a yearly average of 1.227212 kg. on a surface of 713474 H.A.?) 
or 1.72 kg. per H.A. 

As known, Tectona thrives on any soil, even a poor one. In the- 
island of Java by far most of its forests lie on limemarls, which 
are reckoned to belong to phosphorie acid poor soils. It has to 
surmount the diffieulty of procuring tlie required amounts of P°O' 
by means of its roots. In its youth this is achieved by a strong 
taproot. H. J. Kersert established that the. root of a 31 month- - 
old tree had already reached the height of 140 cm. °) 

When the tree has reached tlie pulewood stage the taproot dies 
down, while the lateral roots- develop into a strong root-system, 
enabling the tree to draw the available foodstuffs from the soil in 
an effeetual way. 

According to $. H. Koorvers and TR. VALETON djatitrees & 25 m. 
high, had lost the taproot, on the other hand numerous lateral roots, 
of 3 m. length at the most, branched out considerably, to 3 m. 
round about the stem °). 
As yet it has not appeared that the grounds in Java covered 
“with djati, have been explored from {ime immemorial. Sometimes®) 
the ground is said to be “tired” of djati, but nobody has as yet 
tried to ascertain whether want of phosphorie acid is the cause of it. 

We wish to emphasize the eircumstance that the above mentioned 
1237112 kg. of phosphorie acid, withdrawn every year from the 
grounds, is not really a loss, but only a displacement of P?O°. Only 
such a quantity of phosphoric acid as is comprised in the teak wood 
exported, may be called a real loss. ; 

9.J. S. GAMBLE. A Manual of Indian Timbers. New Ed. London 1902, p. 582. 

2) Verslag van den Dienst van het Boschwezen in Nederlandsch-Indi@ over het 
jaar 1915. Batavia 1916, p. 1. It matters little that formerly the surface was 
thousands of hectares smaller. 

3) Worteldiepte van de djati. Boschbouwkundig Tijdschr. Tectona 1. Noordwijk- 
Weltevreden 1908—9, p. 340. 

+) Bijdrage N". 7 tot de kennis der boomsoorten op Java. Mededeelingen uit 
’s Lands ‚Plantentuin N. XLII. Batavia 1900, p. 166. 

5) A. E. J. BRUINSMA, Opmerkingen van een oudgediende: Boschbouwkundig 
Tijdschr. Tectona 3. Noordwijk—Weltevreden 1911, p. 5. 
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From 1903 to 1915 Java exported 598846 mn’, containing 1083743 
kg. of phosphoric acid, which signifies an aunual loss of 83365 kg,, 
a trifle, indeed, as compared with the enormous quantities discharged 
into the sea with the silt of rivers'). 

As observed before the teak-tree requires much phosphorie acid. 
Contrariwise it thrives on any soil whatever — as far as its chem- 
ical composition is concerned ’). With a view to the calcareous 
secretion it was obviously supposed that the appearance of djati- 
-kapur was associated with the nature of the soil. "THuomas HorsFULD, 
who was the first to discuss this point, thought that the poor lime- 
containing territories yielded the best trees, whereas djati-kapur is 
more often found in the fertile distriets ?). 

This view is supported by what W. J. Spaan wrote concerning 
the forests of Puger (resid. of Besuki): “There it appeared that 
djati-kapur, with a very high lime-content, occurred in large quan- 


!) Reliable data we have none, and they will not be at our disposal within a 
near date. The following, however, tends to show what quantities of phosphorie 
acid are concerned. According to L. Rurren about 9600,000,000 kg. of silt are 
transported anually from the Seraju-territory in the island of Java (Over denudatie- 
snelheid op Java. Verslag gewone Verg. Wis- en Natuurk. Afdeeling K. Akad. v. 
Wet. 26. Amsterdam 1917/18, p. 930 table). According to JuL. C. MoHR (Over 
het Slibbezwaar van eenige rivieren in het Serajudal. Meded. uitgaande van het 
Dep. van Landbouw N. 5. Batavia 1908, p. 79) the average content of P?O5 in 
this silt is 0,753>/,, so that every year 72,288000 kg. of phosphorie acid is taken 
from the said territory, which means 267,7 kg. per H.A. Compared with this 
amount the loss of the grounds of the djatiwoods in consequence of the withdrawal 
of 1,72 kg. of wood per H.A. is trifling. The loss of phosphorie acid resulting 
from the denudation process is only a seeining loss, since the silt, which is richer 
in P?05 than the primitive rocks and is transported to the sawalıs by means of 
irrigationworks, imparts P203 to the grounds and thus makes them richer. (L. G. 
DEN BiöRGER, Landbouwscheikundige onderzoekingen omtrent irrigatie op Java. 
Delft 1917. Proefschrift, p. 82, 83, 97, 98). In the Kali Samiran for instance Ihey 
found: silt 0,051, 0,055, 0,043, 0,048 %/, of P2O5 (p. 82); on the other hand in 
the ground of Bolg> only 0,022 and of Kolpandjong 0.017 /, of P2O5 (p. 85), the 
water of that river contains only traces. 

Seraju-territory + 2700 km?., Java + 125,500 km?., so that the annual loss 
will be 2621,534815 kg. of P20S. 

) Much more selective is Teciona with regard to the physical condition of the 
soil. It requires as BRAnDISs positively says “perfect drainage and dry subsoil” 
(l.e. p. 358). 

The withdrawal of phosphoric acid from the soil of Java is enormous in relation 
to those in temperate climates. The Elbe in Bohemia e.g. withdraws yearly 1!/, 
million kg. of P205 according to BREITENLOHNER (Verhandlg. k.k. geolog. Reichs- 


anst. Wien 1878, p. 175), which significs a loss of only 0,031 kg. per H.A. 
3, 0. I. Brune, l.c, p- 44. 
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tities on the fertile ground, periodically very moist and black, at 
the foot of the Watangan range, whereas higher up on the rocky 
slopes of this tertiary -hill, teakwood is of much better quality '). 

C. G. von DextzcH, on the other hand reported that most of the 
trees cut in the residence of Rembang (where limestone and marl 
predominate) belong_to djati-kapur?); this at least was'the case with 
the trees used in_ the “Artillerie-construktiewinkel” of Surabaya. On 
the basis of the fact that this variety is found on the white lime- 
marl-formation at Surabaya and Rembang, F. JunGHUHN asserted 
positively that it originated from the nature of the soil’). In his 
account P. F. H. Fromgere had in mind the phosphorie acid content 
of the soil rather than the Jime. According to him this content must 
be comparatively high in places where the teak-tree grew *). G. Tuoms 
went even so far as to think that under the'teak forests phosphorite- 
beds were to be found, which has not been proved’°). 

According to J. W. H. Corpss teak forests thrive best “where 
the soil is rich in various lime-compounds, but he admits that also 
voleanie grounds produce good teak trees‘). H. J. KrrBErT never 
met with such a luxuriant growth of the teak as in Japara... on 
light volcanie grounds that differ in nature entirely from the typical 
teak-forest grounds’). 

Statistie data with reference to the number of the hewn trunks 
of djati-kapur enabling us to compare them with other varieties, 
are missing altogether. Certain it is, anyhow, that the majority do 
not belong to the first mentioned variety. According to P. van 
Rees it is found and used most after the djati sungo is perhaps 


1) Aanteekeningen over de in het boschdistriet Madioen voorkomende Djati- 
variöteiten. Boschbouwkundig Tijdschr. Tectona 4. 1911, p. 473. 

2) Aanteekeningen omtrent proeven welke in 1852 in den Artillerie-Gonstructie 
winkel te Soerabaja met djatihout genomen werden. Tijdschr. voor Nijverheid in 
Ned.-Indi& 2. Batavia 1852, p. 2. 

3) Over fossiele zoogdierbeenderen te Patihajam. Natuurk. Tijdschr. Ned.-Indie 
14. Batavia 1857, p. 219. — Ca. C. Lvar attributes the lime-content “aan som- 
mige groeiplaatsen.” (Het boschbedrijf in Ned -Indie. Haarlem 1912, p. 20). 

4) Witte stof in de djatikapur. Natuurk. Tijdschr. Ned.-Ind. 16. 1858—59, p. 186. 


5) ].c., p, 427. 

6) «De Djati-bosschen op Java”. Batavia 1881, p. 131. — After a report by 
Dietr. BRAnvıs the teak tree is found in British India on all sorts of grounds, as 
basalt, granite and limestone. To the latter belong i.a. the excellent forests in the 
Thoungyeen-district in Tenessarim (The Forest Flora of North-West and Central 
India. London 1874, p. 356). 

7) “Is de Djati grondbederfster ?’ Boschbouwk. Tijdschr. voor Nijverheid en 
Landb. Tectona 1. Noordwijk-Weltevreden 1908—9, p. 303. 
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owing ‚to the smaller working qualities of teak wood as timber 2: | 

It- must be admitted, therefore, that djatı kapur 18 not restrieted 
to lime- and marl-grounds, also that not all trees growing on those 
grounds belong to this variety ?). Other influences must be exerted 
here. To answer this question it is first of all necessary to ascerlaın 
whether djati kapur may be called a variety by itself or whether 
we have to do here only with an aberration, forming under certain 
- eireumstances only. According to KoorDers and VALETON djati kapur 
can only be recognized in the wood and not in the stem, like other 
varieties of Tectona’). 

However, P. van Russ already reported: “The outward marks of 
identity are ‘according to the Javanese, the smaller, thinner yellowisl 
leaves and the finer bark’”’*),, but he added: “thesemarks, however 
are deceptive, the true characteristics being found inside” °). W. L. 
STurLER does not distinguish djati kapur from other varieties 
only by the bark, the nature of the wood, the shape and the 
colour of the leaves. H. J. Spaan also says that some woold- 
cutters can tell from the outside of a tree that it is djatt kapur 
namely from “the bark, the stem and the leaves’’°), What P. van Rees 
writes further about the fruits is also worth notieing: “In the exceed- 
ingly small fruits of this sort fine limeveins are said to have been 
detected” 7). 

Whether this is really the case, has never been examined, nor 
have any efforts ever been made to ascertain by sowing-experiments 
whether or no from these fruits representatives of djati kapır may 


!) Beredeneerde catalogus van houlsoorten op Java. Tijdschr. voor Nijv. en 
Landb. in Ned.-Indi& 7. Batavia 1861, p. 333. 

2) M. Büseen also thinks that the commercial reputation of Java-teak is based 
on wood from djatikapur (Die Eigenschaften und Production des Java-Teak oder 
Djati. Beiheft zum Tropen pflanzer 8, N®. 5. Berlin 1907, p. 369). P. GEssink 
also says that in 1905 and 1906 much wood was exported from Java, totally 
unfit for foreign markets (Staatsexploitatie van Djatibosschen op Java.... Tijdschr. 
voor Nijv. en Landb. in Ned.-Indie 75. Batavia 1907, p. 133). 

®) To solve the question of the widely differing amount of magnesiumoxide a 
larger number of ash-analyses of Djatikapur as well as of soilsamples from the 
places where they are taken from, seems to be required. 

*) Bijdrage N®. 7 tot de kennis der boomsoorten op Java. Mededeelingen uit 
's Lands Plantentuin NV. XLII. Batavia 1900, p. 170. 

6) Beredeneerde catalogus der houtsoorten op Java. Tijdschr. voor Nijverheid en 
Landb. in Ned.-Indiö 7. Batavia 1861, p. 333. 

Beschrijving der houtsoorten in Ned. Oost-Indiä, Tijdschr. Maatschappij voor 
Nijverheid (3) 7. Haarlem 1866, p. 29. 

6) Aanteekeningen over de in het boschdistriet Madioen voorkomende zoogen. 
djativariäteiten. Boschbouwk. Tijdschr. Tectona 4. 1911, p. 473. 

7)1:6.,,9..334, 
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grow up. The objection that a result from this experiment cAnnot 
be obtained before a hundred years later, cannot be a reason for 
not trying it now. It-should be attended, however, with a second 
. experiment, viz. of planting seedlings of other djati-varieties on a 
patch of lime- or marlgrounds, in order to ascertain whether stems 
of djati-kapur may _be grown: from them '). 

Lastly the question may be asked: what is the fate of the phos- 
phates secreted in the stems of djati kapur? The stems, the branches 
and the leaves rotting in the forests return in the compounds of 
phosphorus present in the tissue, to the ground in the form of wood 
ashes. In this process the concretions also must come to the same 
place, though it has not been recorded anywhere that they were 
found there. 

A regular forest-adıninistration will cause them to be transported 
elsewhere together with the stems in which they are shut up. It is 
obvious, therefore that the quantity of coneretions remaining on the 
forestgrounds cannot be very large. Moreover most of them are of 
small dimensions and very soft, so that they readily fall to pieces 
and will be transported farther in the wet season, so that only 
very few will be left behind. The inevitable decomposition-process 
is much slower of course, since though it may be true that caleium- 
phosphate is assimilated by the root of the plant, atmospherie influ- 
ences affeet it in a much smaller degree, than is the case even with 
a number of silicates. I, therefore, deem it very probable that the 
numerous kidney-shaped eoneretions, found near Solo in the territory 
of Surakarta in the elay overlying the tertiary sediments, may be looked 
upon as a remnant of the secretions formed in the djati kapur, as 
assumed by R. D. M. Vursexk *). An analysis by J. G. Kramers 
‘led to the following results: 


See 

a 0 a 
0.0:9,.252738.13 

FeO® + AO! ..... 1.92 
CaO ....: „ 48.29 

5 Re va Ko) 

98.32 


ı) H. TEN OEVER (ÜoRDES: De Djatibosschen op Java, Boschbouwk. Tijdschr. 
Tectona 9. 1916. Batavia 1917, p. 869) has already pointed out that only a 
thorough investigation of the so-called djati-varielies with respect to their being 
true to seed will enable us to settle this question. 

2) R. D. M. VeRBEEK en R. FEnNEMA. Geologische beschrijving van Java en 
Madoera 1. Amsterdam 1896, p. 209, 325. 2. 


982 


which shows, that phosphorie acid had disappeared completely, 
which struck Verserk also and of which no other instance is 
recorded, for even there where a conversion of phosphate to car- 
bonate has taken place, large quantities of phosphate were left‘). 
Caleium-phosphate, it is true, is readily assimilated by the roots of 
plants, but the analysing ‚influence of eirculating waters is much 
smaller. Besides, the shape of those coneretions is quite different 
from those that are found in the stems of Tectona. 


ı) Justus RoTH. Allgemeine und chemische Geologie 1. Berlin 1879, p. 32—94, 211. 


Geology. — “On the Volcanoes in the Island of Tidore (Moluecas)”. 
By Prof. A. Wichmann. 


(Communicated in the meeting of December 28 1918). 


The finest view to be had from the landing stage of the capital 
of Ternate is that of the slender peak of Tidore, the most regular 
voleanie econe of the Moluccas, at a distance of about 133 km. 
Directiy the voyager arrives, he becomes aware that the peak is 
not isolated but that some of its slopes are concealed by some 
smaller mountains, stretehing as far as the North Coast of Tidore. 
A capital pieture of it is given in the publication of the Siboga- 
Expedition, which is reproduced below‘). (Fig. 1). A graphical plan 
of it has also been made by F. H. H. Guituumarn’). The volcano affords 
quite a different aspect, when one approaches the island from the 
south. No other hill-formations, either from this or from the West- 


Fig. 1. The Island of Tidore, seen from the N.-W. 


side, hinder®) the view of the volcano, which rises so gently from 


I) Max WEBER. Introduction et description de l’expedition: Siboga-Expeditie 1. 
Leiden 1902. p. 63. er 

2) «The Cruise of the Marchesa to Kamschatka and New-Guinea”. 2. London 1886, 
p- 228. K. MARTIN’s representation (Reisen in den Molukken. Geolog Theil. Leiden 
1903, p. 59) is less accurate. j 

3) A. R. WArLAcE mistakenly speaks of rugged looking hills south of the peak 
(“The Malay Archipelago” 2. London 1869, p. 24. — A.R. Warnaor—P. J. VETH. 
“Insulinde” 2. Amsterdam. 1871, p. 30). 

‘As early as 1856 P. BLEEKER wrote: (“Reis door de Minahassa en den Molukschen 


64 
Proceedings Royal Acad. Amsterdam. Vol. XXI. 
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the beach. From the east side a clear survey of the adjoining moun- 
tains may be obtained. R. D. M. Verseek has endeavoured to repre- 
sent their relative positions in a profile‘) Fig. 2. 2 

It will be seen that after peak (4) -— called by the natives Kie 
Matubu — comes a mountain (3), 903 m. high, which is followed 
again directly by another (2), 661 m. high. The series is coneluded 
in the North by a cone (1) with two peaks, the southern emerging 
665 m. above the sea-level. VERBEER considers this cone to be a 


Fig. 2. The Island of Tidore, seen from the E. 


collapsed volcano and has tried to give a reproduction of its original 
shape. i 

The long felt want of a topographical map of the island of Tidore, 
has recently been supplied by a native surveyor on the instruction 
ofthe Topographical Institute *). His sketchmap represents in a masterly 
way the Tidore mountain-building, by which we are enabled to 
Judge of the accuracy of VERBEER’S reproduction. 

'C. G@. 0. Reınwarpt was the first to ascend the Ki& Matubu 
— tbe peak proper — from the capital of Soa Siu situated on the 
South-east side, on August 29, 1821. It was then discovered that 


Archipel” 1. Batavia 1856, p. 212): “The southern half of the island is formed 
“entirely by the peak of Tidore, a regular cone. The northern half on the 
“contrary consists of a mountainous country, a wilderness of volcanic nature, only 
“a link of the chain of volcanic mountains that surround Halmahera to the West.” 
— Conceerning the last observation, it is scarcely to be doubted that the chain of 
volcanoes in the Moluecas is continued first of all from the volcano of Maftutu to 
the island of Maitara and thence again in northern direction to the islands of 
Ternate and Hiri. Only then does it turn eastwards toward Halmahera. 

It may be, though, that, starting from the volcano of Maftutu, the chain also 
branches off towards Halmahera, in north-eastern direction to the bay of Dodingah. 
This extension, according R. D. M. VERBEER (Molukken-Verslag. Jaarboek van het 
Mijnw. Ned.-Indi& 37. Wetensch. ged. Batavia 1908, p. 162) is an old fallen-in 
volcano with a radius of at least 5 km. According to E. GoOGARTEN (Geologie van 
Noord-Halmahera. Verhandel. Geolog. Mijnbouwk. Genootsch. 2. 's-Gravenhage 1918, 
p- 269) andesite breccia and coarse-grained tuffs, in which fragments of white 
pumicestone, are found also on the other side of the bay in the bay of Bobane. 

!) Molukken-Verslag. Jaarboek v. h. Mijnwezen in N. O.I. 37 Wet. ged. Batavia 
1908, p. 144—146; Bijl. V, fig. 137. 


?) Sketch-map of the islands of Tidore and Maitara 1: 20000. Batavia 1916. Topogr. 
Institute. 
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the North-West side of the crater-rim had been broken through. 
The height of the western rim was established at 5598 ft. (5435 rh. ft.). 
No fresh traces of voleanic action were detected in the densely 
wooded crater. According to Reınwarpr the prevailing rock of the 
mountain, as well as of the whole island, is basalt '). 

Of the ascent, performed in.1841 by the late E. A. Forsten, no 
further information has reached us beyond the fact that he deter- 
mined the height of the mountain at 5376 rh. ft.*). Besides by the 
native surveyor (in 1915), the volcano has since that time also been 
ascended on Sept. 9, 1903 by Captain G. J. J. pr JongR and a patrol 
of 19 fusileers from the southside. From the notes the latter was 
kind enough to send us, we could infer that the summit had not 
undergone any real alteration since ReınwAarpr’s ascent. The width 
of the crater was approximately equal to that of the peak of Ter- 
nate, but the walls were considerably less steep and densely wooded. 

It should be borne in mind that the height of the summit was 
determined only from the sea, except in the year 1915. The deter- 
minations are the following: 


Be Bann wArRnr. 1891 2 0. 27027 > m. 
BI NEBDESERN LSA er RN 1687,26 

- Challenger-expedition 1874 . . . . . 17983 „°) 
Siboga-expedition 1899. a 
R. D. M. Verserk 1899 . . .1717 and 1724 “ 
Besarrerus tot. 0. 1080 "N, 


The last determination must, no doubt, be nearest to the truth. 

As Rkınwarnt could observe, explosions are not likely to have 
taken place in historie time. True, in the oldest pieture of the vol- 
cano, in the work of J. T#. and J. J. ps Barry, a smoke-cloud is 
seen above the summit, but the text does not make mention ofany 
volcanie activity ®). | 

J. MercAaunı”) and K. Schneider *) have recorded an eruption of 


1) Reis naar het oostelijk gedeelte van den Indischen Archipel in het jaar 1821. 
Amsterdam 1858, p. 497—501. ; 

2) P. MELVILL VAN CARNBEE, Over de hoogte der bergen van den Oost-Indischen 
Archipel. Tijdschr. voor Nederl.-Indi& 1844. 1. p. 545. 

3) Report on the Scientific Results of the Voyage of H. M. S. CHALLENGER. 
Narrative 1. 2. London 1885, p. 594. 

4) L.c. p- 6l. 

5) L.c. p. 149. 

6) Indiae orientalis 8. Francofurti 1607, p. 23, tab. XII, XVII. 

7) I vulcani attivi della terra, Milano 1907, p. 310. 

3) Die vulkanischen Erscheinungen der Erde. Berlin 1911, p. 242. je 
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the year 1608 (in the latter half of June or the beginning of May), 
although some time before their publication the report, upon which 
their communication was founded, proved to be false '). It came to 
pass in the following way. In the original edition of. the work of 
A. Fr. Prevost’) we are told that the said eruption was witnessed 
on the second voyage of Paurus van CaERDEN. However, the voyager 
states in his narrative that the voleano that was active late in the 
evening (during the first watch) of the 18! of July, was the peak 
of Ternate°). Even Prevosr’s rectification in the Hague-edition of 
bis work: “Dans l’edition de Paris il y a Tidor, ce qui est une 
faute” was of no avail, for Anexıs Perrey had copied the erroneous 
information from the first edition and communicated at the same 
time tbe true fact regarding the eruption of Ternate ‘). From his 
notes both communications passed into the above-mentioned works 
of MERCALLI and SCHNEIDER. 

Violent shocks of earthquake were felt in Ternate and in Tidore 
on the 14th of July 1855. In the latter island 25 houses collapsed, 
which cost the lives of 24 men, while four more were killed °) by 
blocks of rock sliding from the Dojado °) hill. 

Subsequently it was reported in 1856 that: “prognosties had been 
observed of an eruption of the peak in the near future””). What 
these indieations were, we are still to learn; at all events the anti- 
eipated eruption stayed away. The landslip that had occurred in 
June 1857 north of the capital Soa Siu‘) was not generated by 
volcanie activity any more than the torrent of mud of the 6th of 
September 1866, tbat rose at the slope of the peak above the campong 


) A. Wichmann. Der Wawani auf Amboina und seine angeblichen Ausbrüche. 
Tijdschr. Nederl. Aardr. Gen. (2) 16. 1899, p. 16. 

?) Histoire generale des Voyages 8. Paris 1750, p. 385. 

3) Loffelijcke Voyagie op Oost-Indien. Begin ende Voortgang van de Vereenigde 
Geoctroyeerde Oost Indische Compagnie 2. Amsterdam 1646, N®, 14, p. 47. — 
F. VALENTIN. Oud en Nieuw Oost Indien 1. 2. Dordrecht— Amsterdam 1724, p.5. 

*) Histoire generale des Voyages 10. La Haye 1753, p. 385. 

°) Aardbevingen in den Indischen Archipel. Natuurk. Tijdschr. Ned. Ind. 9. 
Batavia 1855, p. 519. — P. van DER CRAB (De Moluksche Eilanden. Batavia 
1862, p. 290) reports that 32 persons were killed by. the sliding rocks F. S. A. 
DE CLERcQ (Bijdragen tot de kennis der residentie Ternate. Leiden 1890, p. 69, 
aant. 1) erroneously fixes the date on the 6th of Sept. 1866. VAN DER GRAB’s 
work had already appeared in 1862. 

°) The Dojado hill is situated on the south-east base of the Maftutu about 
1,6 km. south of Ak& Sahu. 

?) Fragment uit een reisverhaal. Tijdschr. v. Ned. Indi& 1856. 1, p- 425. 


°) J. H. Topıas. Aardstorting op Tidore. Natuurk. Tijdschr. Ned. Indie 15. 
Batavia 1858, p. 352 —858, 
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Tugoriha, and, according to F. S. A. pn Crurcg resulted from a 
landslip eonsequent on heavy rains'). 

The communication given by the “Aardrijkskundig en Statistiek 
Woordenboek van Nederlansch Oost-Indi®’” that from time to time 
steam is emilted by the crater*) has been discredited by F. S. A. 
DE ÜLERCQ °). hi u 

The peak with its broad ‘base has encroached the whole of the 
‚sonthern part of the island. We could say ?/, of the whole island, 
but for & considerable deviation from the regular cone-shape, brought 
about by the formation of three associated cones by subsequent 
eruptions, the most eastern of which is 820 m. high and is called 
Kie Kitji‘). In VeRrBERR’s reproduction this is vent N’. 3 to which by 
him a height of 903 m. °) is-assigned. 

Behind the Kie Kitji and to the west of it rises a nameless sum- 
mit whose height has not been mentioned; judging from the curves 
of height it must be 870 m. Due North lies the Buku Nagafura 
(830 m.), which — like the preceding — will be visible from the 
sea. Deep ravines run.down from 'the three summits; no doubt 
these formations must be considered as parasitic cones. 

Contiguous to the Buku Tagafura are two summits, at a distance 
of only 400 m. from each otber, the Buku Gulili (485 m.) and the 
Buku Tululu (500 m.). Together they correspond to VERBERK’S vent 
of eruption 2, whose height is estimated at 600 m. 

With respect to Verseer’s fourth vent of eruption, which we will 
call the volcano of Maftutu, his map brought us a surprise. In fig. 3 
we give part of the map on a small scale. As will be seen directly, 
what VERBEEK conceived intuitively, has proved to be correct. He 
could see only the elevations of the eastern crafer-rim, viz. the 
Bulu Pandanga (570 m.) the Bulu Mafu Murot (560 m.) and the 
Tasuma Mabulu (500 m.). The highest summits visible from the sea 
in the neighbourhood of the coast, rise higher than the west-rim. 
They are the summits of Buku:. Kabahoso, one of which, towards 
the south, rises to 680 m.; the others only to 570 m. 

On the caldera, 325 m. above the sealevel rises the Bulu Maitara 


1) L.c. p. 68—69. 

2) 3. Amsterdam 1869, p. 956. 

3) “Bijdragen tot de kennis der residentie Ternate.”’ Leiden 1890, p.68, aant. 4. 

4) This volcano and the Ki® Matubu are the only mountains that the Tidorese 
deem worthy lo be called so; the others are in their eyes only hills: “buku”. 

5) We cannot say which estimation is the more reliable, until we know in what 
way the surveyor performed his measurement. 
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(570 m.) ') besides two lower cones. The smaller (eastern) part of the 
floor of the erater is flat and partly marshy. The a is not 
quite eireular, its diameter is in E.W. 2.8 km. Its depth is 150 m., 
the average height of the erater-rim 535 m. From the site of the 
summit of the Bulu Maitara it appears that the centre of eruption 
has shifted & 50 m. westwards. 


Fig. 3. The volcano of Maftutu. 


The latest indication of the voleanie activity of this mountain of 
eraters is a hot spring, found at the east-base near the campong 
Ak& Sahu, close to the beach. According to C. G. C. Rurmwaror it 
has a temperature of 90° F. (32° C.)®). It has also been visited by 
H. A. Bernsteın®) and H. von RosEnBERG*). R. D. M. VERBEEK °) 


)) To be distinguished from the volcano of the island of Maitara, which is 
situated 5.6 km. to the West of Bulu Maitara. 

2) L.c p 496, 

3) Mededeelingen nopens reizen in den Indischen Archipel. Tijdschr. voor Ind. 
T. L. en V. 17. Batavia 1869, DEI 

*) “Reistochten naar de 'Geelvinkbaai.” 's-Gravenhage 1875, p. 11. — Der 
Malayische Archipel. Leipzig 1878, p. 403. 

s) L.c. p. 146. 
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discovered that it rises from andesite. At the northern base on the 
beach near the kampong Maftutu I saw on the 1° of September 
1903, some cold springs appear from under the yellowish brown 
tuff and below the sealevel. 

Beyond the northwest side of the outer crater-rim rises the Kota 
Mum, which is apparently the vent‘) indicated by VERBERK as the 
north rim of the large crafer-wall. Evidently it is from this vent 
that the lavastreams were ejected that were denuded at the western 
side of the north coast of Tidore. Further to the northwest follows 
the Tarobo Mabulu (540 m.) and the Bulu Gambir (320 m.). The 
order of the vents of eruption will be 4, 3, 1, and 2, while it is 
still an open question whether 3 is older than 1. 

Concerning the rocks we can still add that Reuınwarpr considered 
the unweathered material of the peak and of the whole island to 
be basalt?). J. W. Rereurs determined ?\ a fragment from an obsidian- 
like lavastream near Soa Siu as hypersthene-andesite. Another piece 
of unknown origin proved to be pyroxene-andesite. The lavastream 
at the south base near campong Seli also belongs to this group of 
rocks, according to ‘VERBEEK *). Nothing is known as yet concerning 
the petrographical character of the volcanoes Iying between the peak 
and the volcano of Maftutu. But near Ake Sahu at the east base of 
the above-mentioned mountain VERBEEK found tlıe following profile: 
Substratum of 14 m of andesite, upon this 14 m of tuff, then '/, m 
of yellow tuff and superposed on this 6 or 7 m of pumicestone-tuff ). 

The above-mentioöned, horizontally stratified, yellowish brown tuff 
near the campong of Maftutu proved to be an andesitie tuff, easy 
to pulverize. The numerous rock-fragments enelosed in it are gene- 
rally not bigger than grains of sand; only some fetch a diameter 
of '/, e.m. Under the mieroscope the fragments present structures 
that prove them to belong to several varieties of andesites, mostly 
to tbe pyroxene-andesites. Some, however, contain barkevitic amphi- 
bole. The groundmass of these rocks is felsite-like or hyaline. In 
the latter case it also encloses numerous angite-microlites. The fel- 
spars — mostly plageoclases — are most often quite fresı and 
clear as glass. The cement consists of a powdery and highly decom- 
posed debris of rocks, mixed with numerous brownish-yellow par- 


1) L.c. Bijlage V, fig. 128. 

2) L.c. p. 499. ö 5, 

3) Mikroskopisch onderzoek van gesteenten uit Nederl. Oost-Indie. Jaarboek van 
het Mijnwezen in N. O. I. 24. Wet. gedeelte. Amsterdam 1895, p. 120. 

#) L.c. p. 251. 

5) L.c. Bijlage V, fig. 129. 
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tieles of ironhydroxide, which give the peculiar colour to the rock. 
The cement contains moreover numerous splinters of felspars and 
augites, besides granules of black iron-ore. All this shows that this 
tuff cannot be solidified ashes, but is to be looked upon as a con- 
glomerated product of decomposed volcanie material. 

Fartber to the east, near the campong Seketa I found solid ande- 
site like that of which the campong Tjobo is made up, while in the 
small bend near the said campong again andesite-tuff has been laid 
bare. We can add also that on-the North-West ‘side of the island, 
near Tandjung Rum, hornblende-, augite- and augite-andesite are found '). 

In eonelusion let it be stated that, when, in 1858, J. H. CroockEwIT 
pieked up a piece of mica-schist behind Humboldt Bay in New 
Guinea, Prince Amir of Tidore, who saw him do so, was induced 
to observe: “that it was not at all of rare occurrence in Tidore’’ °). 
Still, from this pronouncement we can infer only that some lustrous 
mineral is not rare in the rocks of that island. 


1) A. Wichmann. “Nova Guinea” 4. Leiden 1917, p. 45. 

2) “Oppervlakkige geognostische schets der bezochte punten op de zuid-, west- en 
noord-kusten van Nieuw-Guinea.” Bijdr. t. de T. L. en Vk. (2)5. Amsterdaın 1862, 
p. 140. 


Zoology. — “The value of generic and specific characters, tested 
by the wingmarkings of Sphingides”. By Prof. J. F. van BEMMELEN. 


(Communicated in the meeting of October 26, 1918). 


Supposing the rules for the colour-pattern of the wings, which 
I deduced from former investigations by others as well as by 
myself — to be valid, they ought to prove fit as guides in the 
choice of a point of issue, when entering on the investigation of 
a new group, that is to say when searching for a form which 
shows the general pattern in its most original, least altered condition. 

Judging by those rules, I believe that among Sphingides, as far 
as I am acquainted with tlıem, Smerinthus populi is a very original 
form, in spite of the covering of red hairs, spread over the upper 
side of the rootfield of the hind-wings, there hiding the primitive 
pattern. 

The arguments for this opinion are the far-going similarity of fore- 
"and hind-wing, both on the upper and the underside, and the pre- 
‚sence of a pattern, which over the entire wing-surface is built after 
the same simple motive, viz. regular alternation of darker and lighter 
transversal lines and bands, each composed of spots. In both the 
dark and the light bands the spots show a strong tendencey to the 
semilunar shape (the convex side turned: outward), but here and 
there they clearly approach the biconcave (hourglass) form. As to 
the shades oceurring as well in the dark as in the light bands of 
spots, I pass them over for the present. 

On the upper side of the fore-wing two of the darker lines run 
on both sides of the light discoidal spot, and at a certain distance 
from it, thus separating a darker median field from two lighter 
transversal bands, which in their turn are again bordered by a 
similar ribbonlike series of dark spots. Across this dark central area, 
at the outside of the light discoidal mark, another dark bar may 
be distinguished, and in ‚the distal part of the area, between the 
last ınentioned bar and the outer borderline, there also occurs a 
series of spots, which however are far fainter. 

' Moreover the anterior edge of the wing, on the inner side of the 
discoidal spot, shows & lighter hue than the rest of the central area, 
which increases in darkness toward the posterior margin. In this 
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lighter part two small dark spots touching the front-rim of the wing 
may again be distingnished, each of them composed of two trans- 
verse striae. In some specimens of ‚Smerinthus populi the proximal 
border-rim of the central area is also clearly double. Next to the 
wing-root in tbe lightgrey hue of this part, a faint indication of a 
dark ribbon may be detected besides. 

| Öf the various hitherto mentioned bars of dark spots, the outer- 
most, which is by far the strongest and completest, consisting of 
nine separate elements when accurately counted, takes a sinuous 
course. Counting from the front backwards, the fifth spot is situated 
furthest inward, it also is the shortest and straightest. In many 
specimens this spot is obviously darker in hue than the rest, and 
this difference deserves our attention, as it is met again in allied 
species, but here increased in intensity and extension. 

On the inner and on the outer side of the just mentioned rows 
of spots there occurs a broader bar of less obscure and more faintly 
eircumseribed markings, which however are evidently darker than 
the grey shade of the lightest wing-areas, playing the röle of ground- 
colour. The outer of these two collateral bars is separated from the 
median series by a narrow sharply traced light interval. From the 
internal bar it differs by lesser regularity, some of its components 
being broader than the rest, and at the same time darker. This is 
especially the case with the spot near the hindborder of the wing, 
this spot broadening obliquely in an outward and posterior direction, 
and thereby just touching the hinder angle of the wing. A similar 
triangular broadening also oceurs at the front end of the bar, near 
the apex. of the wing, but here it has a lighter hue. I think it 
desirable to indicate these spots by Special names, e.g. anterior and 
posterior triangular spot, as they are found again with increased 
clearness and independence in allied species. 

In the middle part of the bar under discussion four of the spots 
clearly show the hourglass-type. In front of them the bar coalesces 
with a dark area, extending along the greater part of the outer 
margin of the fore-wing. This area forms a large convex blotch, 
occeupying five internervural cells from the apex backward. 

Though at first sight this blotech is not divided into separate spots, 
yet three darker centres may be distinguished in it, touching the 
foreside of the nervures which take their course through it. A 
comparison with other species of the same genus and of different 
allied genera again proves, that these darker centres may be con- 
sidered as originally independent separate spots — one in each 
internervural cell— which have coalesced with each other into a single 
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almost homogeneous dark blotch. In front next to the apex, this blotch 
is sharply cut off from the above mentioned anterior triangular spot 
by an oblique -light-hued line, the lastnamed spot moreover often 
showing a very light shade itself. 

Now directing our attention especially to the points of corre- 
spondence between the various components of this wing-pattern, and 
on the contrary...less heeding the differences, we are easily led to 
the conelusion that it is composed of seven transverse rows ofdark 
spots, separated by lighter bars. 

The external of these transverse rows (I) must then be looked 
for in the above-mentioned dark bloteh along the external margin. 

The second (II) is the complete row of nine spots, with its set of 
accompanying fainter bars. 

The tbird (III) forms the external border of the dark central field. 

The fourth (IV) is the dark line along the outer side of the 
discoidal mark, which although somewhat obliquely, may be said 
to run across the middle of the central area from fore- to hind- 
margin. 

The fifth (V) is the inner front-line of the central field, this line 
being sometimes double. 

The sixth (VI) the single, eurved series of spots over the middle 
of the proximal light wing-area. 

The seventh (VII) is formed by the faint traces of spots near the 
wing-root. 

The light intervals between these seven bars may be indicated as 
in former publications by the letters A to G. In those intervals 
some traces of still other dark bars, varying in distinctness, are 
again met with; so it is not improbable that originally the stronger 
transverse bands everywhere alternated with less dark and sharply 
marked rows of spois. 

In all these features the pattern of populi remarkably agrees with 
that of Arctiids, as I described it in a former paper, and in the 
same way with that of numerous other families of Liepidoptera, a8 
I hope to show afterwards'). 


!) Here I wish already to mention that Annerte F. Braun, in a paper : Evolution 
of the Color Pattern in the Microlepidopterous genus Lithocolletis (Journal of the 
Academy of Nat. Se. of Philadelphia XV 24 Ser. 1914) as the result of an onto- 
genetic and phylogenetic investigation about the colour-development on the forewings 
of these Tineids, gives as her opinion that all patterns of 'his polymorphie genus 
may be derived from seven dark lransverse bars, forming to her mind a primary pattern, 
on which a secondary one, composed of still darker lines, will later on be so to 
say projected, as is also proved by the development inside the pupal sheath. 
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Moreover this pattern occurs almost completely on the hind-wing 
as well as on the front one. For also there the first row forms & 
convex dark blotch oecupying five internervural cells along the 
outer margin, with three darker centres next to corresponding 
veins. In the same way the transverse bar II is composed of dark 
spots, curved outward and is accompanied on both sides by a less 
dark bar of more diluted spots. The number of components of bar II 
is smaller than on the fore-wing, the hinder three being concealed 
under the covering of red hairs. The fourth and fiftb spot (counting 
from the front border) are straighter than the rest, and placed 
somewhat more inward, while they show rather a darker hue. 

Row III and IV stand in contact with {he corresponding ones of 
the fore-wing, but disappear under the red covering even Sooner 
than II. V and VI are only indicated by dark 'spots along the front 
margin, these spots moreover for the greater part being concealed 
under the overlapping fore-wing. 

VII is totally invisible. 

On the under side of the wings the pattern perfectly corresponds 
with that on the upper side, but on the fore-wing it is paler and 
partly indistinet, on the hind-wing on the contrary it is sharper and 
more complete than on the upper surface, because the red hairy 
covering is absent on the former. The front-rim of the hind-wing, 
remaining uncovered on this side, sharply contrasts both by colour 
and pattern with the rest of the wing-surface and wears one espe- 
eially dark spot, forming the initial component of Bar IV. It seems 
desirable to indicate this peculiar spot by a special name, as it was 
also done with those of the fore-wing: viz. the hind-wing-frontborder- 
spot. In a single of the speeimens at my disposal I also found the 
markings along the front-border of the under side of the fore-wing 
differentiated and specially spotted. 

On the under side of the hind-wing Bar V and VI are not repre- 
sented, either by their initial (frontal) elements or by other spots of 
their row, neither can Bar VII be distinguished ; the light discoidal 
marking however being well visible, as it strongly stands out against 
the broad anterior part of Bar IV. 

Now let us compare this pattern of the Poplar Hawkmoth with 
that of the Eyed Hawkmoth. The close kinship of Sm. ocellata 
with populi appears from several points of correspondence, but 
surely most convineingly from the possibility of erossing these two 
species together, the reeiprocal hybridisation leading to different 
results and the hybrids themselves being again fit for propagation. 
On these accounts the elassing of these two species into two different 
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genera, as proposed by recent systematists, in my opinion does not 
give a true representation of these relations, but is only .a conse- 
quence of the immoderate tendency to splitting up, which nowadays 
is so prevailing in systematie zoology. 

To me the comparison between the wing-markings of these two 
species, so different at first sight, seems highly interesting, especially 
if the numerous.byforms, which are described partly as independent 
species, partly as subspecies, races, varieties, aberrations ete., are 
also taken into account. Attention should also be given to the results 
of hybridisation. But in the first place the under side of the wings 
should be considered just as accurately as the upper one, and more- 
over fore- and hind-wing. on both their surfaces, should be compared 
to each other in detail. 

If we do so with ocellata, it is easy to see that this species forms 
one of the innumerable. proofs for the assertion, that the difference 
between fore- and hind-wing, upper and under side, is a conse- 
quence of secondary modification of a general primitive pattern, this - 
pattern as a rule remaining better preserved on the under side than 
on the opposed surface, though as to the latter, the fore-wing usually 
has retained clearer and more complete vestiges of the primitive 
pattern than the hind-wing. 

Starting with the upper side of this latter, the eonvietion is easily 
reached, that the eye-spot, in all its conspieuonsness, is yet nothing 
else but a peeuliar modification of parts of three parallel dark bars, 
each forming the termination of a transverse ribbon (parallel to the 
wing-border), these ribbons again resulting from the coalescence of 
a series of internervural spots ‘). Most convineing for this supposition 
is the comparison of ocellata with the nearly related species Sm. 
coeeus and kindermanni, but it is already rendered highly probable 
by the .comparative inspection .of upper and under side of the hind- 
wing of ocellata itself. Such an inspeetion shows, that on the under 
side the three ribbons in question are continuous without interrup- 
tion from behind unto the front border, the outmost one causing 
near to the hinder angle, where the wing-edge forms an incurvation, 
a marginal obsenration, which can be retraced on the upper side in 
the peculiar eurved little stem, connecting the eye-spot with the 
hind border. 

On the under side therefore no indication ofan eye-spot is present, 
the dark bars running from before backward without interruption 

1) This proof has been ably and convincingly delivered by Dr. J. Borke, in his 


paper: Les motifs primitifs du dessein sur les ailes des Le&pidopteres et leur signi- 
fication phylogenetique. Tijdschr. der Nederl. Dierk. Vereeniging XIV, 1916. 
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or modification, separated from each other by two narrow, very 
light intervals. 

Along the outer side as well as toward the wing-root these three 
bars are accompanied by rows of dark spots. The row at the marginal 
side represents the big semilunar blotch, which oceurs on this same 
place in other species of Smerinthus, and forms the homologue of 
the corresponding patch at the outer margin of the fore-wing, which 
oceurs in ocellata as well as in numerous other species. We here 
find the convineing proof that this dark marginal area is formed by 
the coalescence of a row of spots. The middle row of the three 
ribbons of dark spots is evidently double, its members forming a 
series of square blocks, whose inner and outer side are formed by 
dark strokes, sometimes straight, in other cases slightly eurved. The 
outer of these border-strokes are the darkest. The comparison with 
populi proves that these dark strokes represent bar II. Asin popul, 
this bar is therefore accompanied at both sides by a dark seam. 
The one on the outer side is much broader, darker and more inde- 
pendent than the seam on the inner side. The latter is separated 
from Row III by the inner wbite band, this row only forming 


a narrow line, connected by a dark interspace with the very dark 


and complete Bar IV, which runs along the outer side of the light 
discoidal marking, in the same way as in populi. 

On the under side of the fore-wing the same spots and bars can 
be found, with the exception of Bar IV, which remains entirely 
concealed under the wine-red hairy covering of the root-field, just 
like the posterior part of Bar III. It is only the discoidal marking, 
which maintains itself as a small whitish patch in the middle of this 
reddish covering. 

But also on the upper surface of the hind-wing traces of these 
same bars may be noticed, viz. along the front border, on that part 
of the wing that remains hidden under the fore-wing during flight, 
but is protruded in front of it during rest, in consequence of the 
peeuliar attitude of fore- and hind-wing in regard to each other. 
On this part three dark double-lines run backward up to near the 
beginning of the red hue, and there end blindly. To my view there 
is no reasonable ground for the supposition, that these vestiges of 
pattern should have secondarily crossed over from the fore-wing to 
the freely protruding part of the hind-wing. On the contrary it 
seems justified to assume, that they belong to the primary pattern 
of the hind-wing, as well as their homologues on the under side, 


or those on the upper side of the hind-wing of populi, and have 
remained untouched by the red diseoloration. 
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Returning to the upper side of the fore-wing, it is at once clear 
that the same pattern oceurs on it as on the corresponding wing of 
populi. It is only somewhat more differentiated: the dark middle 
area is broken up into a fore- and a hind-part by a narrow funnel- 
like slit of light colour, along the course of the second eubital vein, 
while the middle-member of.:the dark Ribbon II has increased in 
bulk and shade to a very dark square. 

In the same way the anterior and posterior triangular spot, 
especially the latter, are much more conspieuous and independent 
than in populi. 

By proceeding this way we can gradually arrive at the probable 
conelusion that the patterns on upper and under side of both fore- and 
hind-wing of ocellata repose on one and the same groundplan, and 
that this primitive pattern has suffered the strongest modification on 
the upper side of the hind-wing, in consequence of its partial 
overshadowing by a red discoloration and of the differentiation of 
the back part of the pattern to an eye-spot. 

Should further proof be needed, that the pattern of ocellata takes 
its issue from the same groundplan as that of populi, this proof, as 
already remarked, would be furnished by intermediate forms as 
coecus and kindermannıt. 

As far as the markings on the upper side of the fore-wing, Sm. 
coecus corresponds more to populi than to ocellata, the iransverse 
bars being more complete and more purely traced than in the latter. 
Especially the dark middle area is not split up into a fore- and a 
back-part, the Bars III, IV and V therefore all running straight 
and unbroken from before backward, V in particular being sharp 
and dark. 

On the hind-wing the eye-spot is less purely eireular, because the 
external (hinder) dark line and the black pupilla-line are less rounded 
and more advanced toward the hind-margin, thereby giving the 
impression of fragments of ribbons. 

On the other hand {he vestiges of original design along the 
front-margin, hidden under the hind-rim of the fore-wing, are less 
conspieuous than in ocellata. 

On the fore-wing of kindermanni (Fig. 3) the median area is 
broken up as in ocellata, and in general the similarity with the last 
named species is greater, the design appearing only somewhat 
sharper, especially Bar VII looking thereby more conspieuous. The 
convex bloteh along the outer margin is divided into a smaller 
anterior and a bigger posterior part. The pink hue on the hind-wing 
is partieularly vivid in tone, but the eye-spot is perfectly flat and 
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composed of three almost similar pieces of dark ribbons, so that its 
eye-character is almost gone > vr 

On the under side the similarity with ocellata is very striking. 


By the consideration of the eolour-pattern of ocellata, as well in 
itself as in comparison to that of populi, we therefore come to the 
following general statement: 

In contrast to populi, the pattern on the upper side of ocellata 
deviates from that on the under side, and is moreover composed of 
two heterogeneous parts, a far-going difference existing between that 
of fore- and hind-wing. Yet it_proves possible to deduce the pattern 
of both wings from the design of populi, which in this latter is 
especially developed on the upper side, but which can be retraced, 
be it in a fainter and more reduced condition, on the inferior surface. 

The pattern of populi therefore satisfies the general conditions of 
a primitive design, that of ocellata those of a secondarily modified, 
viz.: dissimilarity between the upper side of the fore- and the hind- 
wing, as well as between the upper and the under side of both 
wing-pairs, in consequence of deviations of the upper side (of fore- 
as well as of hind-wings) from the original, simple and regular 
pattern, but this in a different sense for the two wings, the hind-wing 
deviating more widely than the fore one. On the first-named a 
'tendeney to annihilation of large parts of the pattern by the influence 
of selfeolour prevails, combined with an extraordinary differentiation 
of the remaining fragments, this leading to great eontrasts between 
the areas (eye-spot on pink ground). The fore-wing on the other hand 
shows the complete original design, but transformed over all its 
components in a more or less similar manner: some parts thereby 
prevailing above the rest, without affeeting however the general 
harmonious character of the whole. 

These facts might easily lead to the conelusion, that the peculiarities 
in the design of the upper side, by which ocellata differs from 


!) In parenthesis it may be observed, that we therefore are able to prove for 
the eye-spot on the wings of the imago a similar origin as A. WEISSMANN so 
ably did for those on the body-rings of the larvae of Sphingides, viz. that they 
spring from fragments of a set of longitudinal, alternately light and dark stripes, 
these fragments becoming independent and differentiated to concentric circles, while 
the rest of the stripes disappears totally or nearly so. In caterpillars these stripes run 
parallel to the body-axis, on the wings of the imagines they are seemingly trans- 
verse. Considering wings to be folds of the body-skin, it is easy lo conceive, that 
these so called transverse stripes in reality correspond to longitudinal stripes on 
the insects’ body. Probably the latter stripes may as well as those-on the wings 
be considered as rows of spols which have coalesced together. 
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populi, should be considered as specific features of the first-named 
form, whereas the points in which the two species resemble each other, 
especially on the under side, would possess the significance of generic 
characters. This opinion, that e.g. the eye-spot of ocellata cannot 
pretend to a higher significance than that of being a specific peculi- 
arity, might not only find support in its restrietion to the upper 
side, but also in the results of hybridisation, showing that the hybrids 
from the cross between a male ocellata and a female populi are 
ocellata-like in their habitus, though with a faint eye-spot, deprived 
of its pupilla, whereas those from the combination of a male populi 
with a female ocellata possess such a far-going similarity to popuh, 
that they can hardly be distinguished from it, (he eye-spot being 
wholly absent. 

This view about the meaning of the differential features of ocellata 
seems the more attractive because a special importance for the chances 
of survival of the animal may be ascribed both to the variegated 
and marmorated design of the fore-wings and to the eye-spots, in 
their monochrome pink field, of the hind ones. As long as the moth 
in its attitude of rest is suspended on a willow-twig among the 
leaves of that food-plant of its caterpillar, the hind-wings are con- 
cealed under the fore-wings with the exception of their narrow 
_fore-rim, and the animal so delusively imitates by its form, colour, 
design and proportions of a pair of dry willow leaves, that notwith- 
standing its bulky size it can hardly be detected amongst its natural 
surroundings, as long as it remains motionless. 

When however the sleeping moth gets disturbed by pushing or 
hurting, it moves its fore-wings a little forward, thereby suddenly 
displaying the eye-spots in their red surroundings, which by their 
situation on both sides of the somewhat upheaved abdomen (this 
part of the body at the same time making periodical jerks) cause 
the illusion of a savage face with wide-opened eyes, thereby (as 
experiments have proved) so effectually frightening birds and reptiles, 
that they generally abstain from further attempts to devour the moth. 

When 1 mention these long known facts from tbe chapter of 
Proteetive Mimiery, it is because I think it desirable to state once 
more, that they can never be used as an explanation of the presence 
of markings, hues and shapes, which by their coöperation call forth 
the deceitful resemblance. These features owe their presence to causes 
of quite another order of things, viz. to the variability, which itself 
is a consequence of the coincidence of hereditary factors. When this 
eoineidence accidentally leads to an effect which in a certain direction 
is favourable for chances of survival of the animal (or plant), it 
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will always be preserved and ameliorated by the influence of natural 
selection, so that it will give rise to those highly finished cases of 
mimiery and protective resemblance which so often raise our aston- 
ishment and admiration. 

One of the reasons that have made it seem desirable to repeat 
once more these opinions, however often proclaimed before, is the 
fact that pe Meyer in his recent paper “Zur Evolution der Zeich- 
nung bei den Holometabolen Insekten”, when arguing on page 59 
against Borkr’s views about the wing-pattern of Cossids, declares 
that he can only see in their design “eine hochgradige Entwicklung 
einer sympatischen borkenähnlichen Färbung”, while on page 48 of 
his preceding article “Zur Zeichnung des Insekten-, im besonderen 
des Dipteren- und Lepidopterentlügels”, he derives this design “aus 
einer Zeuzera-pirina-ähnlichen Fleckenzeichnung”. To this he adds: 
“Dieser Weg scheint mir besser verständlich als der umgekehrte”. 
And somewhat further on he says about the transverse markings on 
the under side of several Vanessidae: “diese scheinen mir mit dem 
primären Zeichnungsmuster überhaupt nichts zu tun zu haben, 
sondern es sind eher spät erworbene Elemente der sympathischen 
Färbung”. 

The point in these considerations of DE MeyeEre which I want to 
discuss, is not his opposition against BotTkr’s views about the con- 
nection between spots, stripes and nets, to which I cannot pay full 
adhesion either, but his assertion, that by considering a wing-design 
as a “sympathetic pattern” an argument is raised for the explana- 
tion of the origin and the discovery of the age of this pattern. 
Patterns-of all kinds, the most original as well as the most strongly 
modified, may produce a mimicking effect, and thereby prove useful 
for protective purposes. 

E.g. the wing-design of populi has quite as much proteetive value 
as that of ocellata, though only in the sense of resemblance to a 
weathered poplar-leaf, and yet it is much more primitive than the 
latter. Moreover the same motives and elements of design, which in 
one species of animal are the source of highly imitative mimicery, 
may also be found in other species, near akin as well as far removed 
in a generic sense, but here, by showing a somewhat different form 
or by oceurring in another part of the body, only cause a feeble 
sympathetic resemblance or no mimicking effect at all. Of this so 
called false mimiery Eımkr has cited several instances. 

Numerous thin, irregular transverse stripes between the veins, in 
the sense of Borkr’s “traits effiloches”, are found except in Vanessidae 
in many other Lepidoptera of diverse families: also in Sphingides, 
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on both wing-sides, though most frequently on the under side. In a 
general survey of the wing-markings of Lepidoptera, which I under- 
took long before Borke’s doctor-dissertation, and wrote in English, 
but which I did not hitherto publish, I even thought it desirable 
to choose a special name for this curious motive of design and 
called it “Cosside markings”. 

Now it might very well be, that these markings could also be 
reduced to an old and original motive of design, oceurring generally 
among insects, and whose connection with the system of internervu- 
ral spots still wants elucidating, although Borkz has made a notable 
attempt to come to a general theory. 

That a “sympathetic” design, on account of its mimetie character, 
should necessarily be younger than other patterns, I deny most 
emphatically. Each of the elements, which by. their coöperation 
produce the mimetic effect, may in itself depend on hereditary 
tendencies of very high phylogenetic antiquity. Only the specific 
and special culmination of that coöperation may be yonng, and 
even this need not necessarily be the case. Among Pierids, Papilio- 
nids and Nymphalids the mimicrists probably often wear an older 
and more primitive uniform than the remaining so-called typical 
members of these families, as I have tried to demonstrate in my 
paper read at the International Entomological Congress at Oxford 
in 1912. 

In numerous Geometrids, issuing from their pupae in antumn, 
the similarity to a weathered leaf reposes on their light-yellow 
colour, besides on the broken rim of their wings and the course 
and arrangement of dark transverse lines on them, imitating the 
veins of the leaf. Must on this ground the yellow hue be younger 
tban other tints? According to my view this need no more be the 
case than it need be assumed for the form of the wing-border or 
{he pattern on its surface, even when granting that in general a 
broken border-line has to be derived from an unbroken, round- 
ed one. 

In the same way the evident connection between spots, stripes 
and meshes on the wings of Cossids, which can so to say be read on 
the wing-surface by simple observation and by comparison with the 
Zeuzerids, is in no way brought nearer to an explanation by the 
remark, that the preponderance of the net-markings produces asym- 
pathetic. resemblance to the bark of trees. The real question remains: 
what causes tendeney of the Cossid wing-markings to the net-character 
and how old is that tendeney ? In putting this question we have to 


keep in view, tbat the same tendency occurs in many other insects 
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belonging to different orders and that it may likewise be remarked 
in the nervural system, which possesses such intimate and primor- 
dial relations to the distribution of pigments in the skin. 

Were it only to consider this question from all possible points of 
view, the well-foundedness of the hypothesis would have to be tried, 
whether net-design may be connected with the formation of meshes 
in the system of wing-nervures, as is so frequently and specifically 
found in Neuroptera and Orthoptera, vicariating with regular trans- 
verse venation; whether therefore the net-design may not be as old 
as or even older than spots or stripes. An argument to this assertion 
might be found in the fact, that nets between the longitudinal veins 
are characteristice of the nervation of the wings in Palaeozoic 
Palaeodictyoptera. i 

With this inference I do not in the least intend to proclaim, that 
. I am convinced of this connection of the net-design and of its phy- 
logenetic antiquity, but simply that I think the contrary is not 
proved either. 

Remembering Wrismann’s words: “Ohne Hypothese und Theorie 
giebt es keine Naturforschung”, I am of opinion that the continual 
proposing of explaining suppositions about the connectiou between 
corresponding phenomena is necessary condition for fertile scientific 
research, and therefore I cannot adhere to DE Merverr’s point of 
view, where he says: “Ich möchte mich, den Tatsachen entsprechend, 
mit Feststellung des Auftretens begnügen und keine ganz hypothe- 
tische Verbindungslinien ziehen.” 

Returning to tlıe specific differential characters of Sm. ocellata, 
I here find the danger to get entangled in purely hypothetical spe- 
culations not by any means serious. For it can be easily proved 
that all the special characteristics of the upper side of both fore- 
and hind-wings occur as well in other species, not only ofthe genus 
Smerinthus, but also of different allied genera. 

In the first place the comparison with £iliae is highly instructive. 
On the upper side of the fore-wing of the Limetree-Hawkmoth every 
peculiarity by which the pattern of ocellata deviates from that of 
populi, is again met with, but in a modified form and in other 
hues, which together produce a totally different effect of the wing- 
design as a whole. 

Especially striking is the similarity of the dark median area with 
the same wing-part of ocellata; as in the latter it is cut up into a 
fore- and a hind-quarter by funnel-shaped intrudings of the light- 
brown ground colour, which may either meet each other or remain 
separate. A single look at every somewhat considerable colleetion 
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of tiliae shows the extreme individual variability of this feature, as 
well as of others. The transition of an unbroken middle-field to one 
divided into an anterior and a posterior portion we therefore here 
see take place under our eyes. 

We may likewise notice, that the peculiarity of the central (5'h) 
mark of the dark Bandline II,. to differ in hue and size from the 
other members of that series, is also present in tiliae, but in so far 
in an. opposed sense, that in some specimens it is distinguished by 
a lighter instead of a darker shade. On its underside, tiliae shows 
again the same simplified pattern as populi and ocellata, viz. the 
two Bandlines II and III, with traces of I, IV and VI. 

The right here to speak of simplification, and to connect this 
with tbe covering of light hairs stretehing from the wing-root out- 
ward as far as the middle area, is strikingly proved in this case by the 
vestiges of the opaque central blotch (so strongly developed on the 
upper side) which can also be detected on the under side. At the 
root of each hair in ihe area of this dark middle-field a small black 
speck may be perceived, and this produces the effect that the field 
is seen in its full extension as a collection of specks, when we look 
obliquely between the hairs. 

Still more striking than the resemblance between tiliae and ocellata 
is that between both these species and tartarinovii, this latter offering 
so to say a form of transition between the firstnamed two. Here 
the anterior part of the external margin of the opaque middle area 
is not convex as in tiliae, but is concave, while a contrast both in 
hue and in markings exists between the anal field of the wing and 
the rest of its surface, the division of the central field in a fore- 
and a hind-part thereby appearing as part ofa process which extends 
over the whole length of the wing-surface, in the same way as in 
so many other Lepidoptera and even in Insects of other orders. _ 

It is likewise remarkable, that the apex of the fore-wing, which 
shows a special differentiation identical for all these species, viz. 
that it is separated from the remaining markings by the oblique 
light stria already described for populi, is dark greenish grey 
instead of silvery grey, in contrast with the convex bloteh along 
the outer margin, which is stained in light grey, while it is dark 
in others. 

On the hind-wing tartarinorü displays the same pink as ocellata, 
and even traces of an eye-spot. | 

On the other hand in tiliae a dark band extends over the entire 
surface of the hind-wing parallel to the outer margin and at some 
distance from it. This band evidently consists of as many components 
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as tbere are internervural cells. Each component is prolonged wedge- 
like in the direetion of the wing-root. The extent of this prolongatıon 
is individually different, though in general it may be stated, that 
in a backward direction toward the hinder wing-edge the dark 
internervural spots get larger and more intensively black, this back- 
ward increase in size and darkness being the only indication of a 
similarity to the eye-spot of ocellata. 

Therefore, though in this latter instance tiline shows almost as 
little likeness to ocellata as does populi, this does not derogate from 
the truth and the value of the fact, that in numerous Sphingides the 
hinder external angle of fore- as well as of hind-wing shows a dark 
pigmentation, which may be differentiated to an eye-spot. This might 
also be expressed otherwise, by saying that the above-mentioned 
posterior triangular spot is not restrieted to the fore-wing, but returns 
on ‚the hind-wing. 

And also on the fore-wing the spot in question may assume the 
character of an eye-spot, as is shown by several Sphingides belonging 
to different genera, e.g. Daphnusa ailantha. 

On the other hand, as already said, other species possess near to 
this hinder external angle of the fore-wing only a single or double, 
solid blotch not differentiated to an eye-spot, eg. Oxyambulya 
camescens. Also this blotch may be repeated on the hind-wing, e.g. 
Smerinthus quercus. 

Among the Sphingides at my disposal Pholas labrusiae (Fig. 6) 
seems to me to possess a highly remarkable colour-pattern. On its 
under side the similarity between fore- and hind-wing is very great, 
and both show the usual simple design of Lines II and III on a 
nearly homogeneous faint greenish-yellow ground, to which only along 
the external margin a differently coloured area, separated from the 
rest of the wing-field by a zigzag line, and evidently representing 
Bar I, is added. But on the upper surface the contrast between the two 
wing-pairs is very profound. The fore-wings are almost unicolourous 
dark opaque green, exactly corresponding in hue to the entire body 
of the moth. Yet several traces of dark transverse lines are well 
defined, especially the middle-field between Bars III and IV, which 
is conspieuous by a somewhat darker green shade. But at the external 
border of this middle-field two square little areas are so to say 
spared out from the general green overshading: one nearly in the 
centre, the other at the back margin, thereby giving the impression 
of brown curtains before two low windows in a green wall. That 
impression is strengthened by the fact, that in these brown areas 
the eurved components of the transverse dark bars are more numerous 
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and far sharper than in the green field. In the central window 4 
of these arched stripes are present, in the back one 2. 

Comparison with Smerinthus popul and ocellata as well as so 
many other Sphingides, whose ground-colour is brown or grey, and 
whose transverse bands are composed of curved, stripy spots, leads 
to the supposition that in these windows we have to see remnants 
of the original hue and design of the wing, which for the rest has 
become indistinet by green discoloration. 

As in so many other cases, e.g. the Hepialids, green therefore 
would be the secondary, brown the primary hue, the design having 
partly get lost in the process of discoloration or at least having 
greatly diminished in distinetness. But why these two brown windows 
with their trelliswork of curved stripy spots have remained untou- 
ched by this process, I cannot as yet explain. 

Contrasting with the almost homogeneous green hue of the fore-wing, 
the hind one possesses a very showy and variegated pattern: two 
jetblack bars standing out against a light yellow ground, bluish- 
grey areas occurring at the front border between tle black, a 
brickred patch vicariating with two black strokes near the inner 
margin, while at the outer one a small green field breaks the yellow. 

But the most remarkable point in this pattern are two darkbrown, 
irregular, dentieulate lines, starting at tbe hinder angle, and running 
parallel to the outer margin along its posterior part, to pass into 
the broad black bar at the hinder border of the small green field. 
These crooked lines represent the posterior part and the pupilla of 
the eye-spot in the ocellata-group among Smerinthidae, and form 
the least-modified part of the hind-wing-pattern of Pholus labrusiae. 

I think it highly probable, that this pattern has a protective signi- 
firance for the animal, just as well as the almost homogeneous green 
hue of the fore-wings and of the body. The latter give protection 
to the sleeping animal by making it hardly visible to enemies that 
prey upon it, possibly the brown windows play their part in this 
process of concealment, by breaking the anatomical lines of the 
rather extensive wingfield. 

It certainliy would be wortlı while to make the experiment, 
whether the moth when disturbed in its sleep, suddenly displays 
its hind-wings and so frightens its enemies away, or whether the 
showy colour-composition, which thereby gets visible, has only the 
meaning of a warning-pattern, announcing unpalatableness. 

Whatever may be the right interpretation, this pattern in any 
case ought to be considered as a high and special differentiation of 
the original one of the hind-wings, common t0 all Sphingides; neither 
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the erying colours nor their queer arrangement justifying the infe- 
rence that they could ever be the direet eonsequences of the useful 
effect they produce in favour of the animal. 

The comparison of Sm. ocellata with populi, and of both with 
other Sphingides, leads me to the following conclusions: 

The colour-pattern of populi is more primitive than that of ocel- 
lata, it agrees with the conditions which may be posed for a pri- 
mordial pattern, and it corresponds to the fundamental plan, as this 
is found in Arectiids, and most probably in numerous other families 
of Heterocera, possibly also in Rhopalocera. It therefore is not only 
older than the genus Smerinthus, but even than the family of Sphin- 
gides, perhaps than the entire order of Lepidoptera. So it cannot 
without great restrietion be qualified as a generie pattern. 

The colour-design on the upper side of ocellata can be derived 
from that of populi by the assumption, that the ribbons of interner- 
vural spots oceurring in the latter have been specially transformed 
in the former. But each of these transformations in itself is seen as 
well in other species of Smerinthus, and even in many other genera 
of Sphingides, it is therefore not allowable to assume, that they 
should have been acquired during the formation of ocellata from a 
populi-like ancestor. Each for itself they are not characteristie of 
ocellata, and cannot be taken as specific features of this species. - It 
is only the peculiar combination of the modifications of the ancestral 
type with the subtle nuances by which in ocellata they are distin- 
guished from the similar modifieations in allied forms, that in the 
end give the specific character to ocellata. At any rate the origin of 
the said modifications of the primitive pattern cannot be ascribed to 
the influence of protection against enemies, which ocellata obtains 
by the use she (instinetively) makes of her eye-spots. The special 
refinement however and the elaborate details, by which the pattern 
of ocellata surpasses that of other Sphingides near akin, may well 
be the consequence of natural selection, which could enter into 
action as soon as by coineidence of hereditary variations of the 
fundamental Sphingidial pattern with special eircumstances of life, 
a deceitful likeness had been established to the face of a big-eyed 
owl, which frightened away preying little birds’and small mammals. 


Groningen, October 1918. 


J. F. VAN BEMMELEN: “Wing-markinss of Sphingides”. 
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Anatomy. — “On Musculus Transversus Orbitae’. By Dr. A. A. 
HveserR. (Communicated:by Prof. J. Bork). 


(Communicated in the meeting of November 30, 1918). 


This muscle variety, already described by BocHpALer ') was 
seen in the body of a woman of 33 years of age. In many respects 
it is different from BocHDaLer’s finding; it may, therefore, not be 
undesirable to publish this case. The muscular anomaly was present in 
either orbit; the right- and the left-musc. transversus displayed some 
points of difference. 

In the left orbit (Fig. 3) the muse. transversus generally passes 
right across the equator of the eyeball, and is inserted into the 
inner as well as into the outer wall of the orbit. 

About two mm. behind the trochlea the muscle arises from the 
anterior part of the lamina papyracea ossis ethmoidalis, to which it 
is attached by a broad, thin, flat tendon about 7 mm. in width. 

The tendinous fibres soon become musele fibres; the muscle, now 
proceeding laterally, gets narrower and more rounded and passes 
as a small muscle, 2 mm. in breadth, below the muse. obliquus 
sup., deeussating the latter at right angles. At a distance of about 
1 em. from the medial orbital wall the muscle widens and flattens 
eoineidently. This widening is brought about by the fact that muscle 
fibres, issuing from the medial margin of the musc. levator palpe- 
brae sup., bend round towards the medial, and pass into the musc. 
transversus. The musc. transversus then proceeds farther laterally 
and is seen to decussate the fibres of the musc. levator palpebrae 
in a very peculiar way. The fibres of the muse. {ransversus pierce 
those of the muse. levator palpebrae, but in such a way tbat the 
muse, levator runs for the greater part across the upper side of the 
muse. transversus; only a small muscular faseicle of about 3 mm. 
across, passes below the musc. transversus. 

The two parts of the musc. levator, separated by the musc. trans- 
versus, unite again when cöursing anteriorly. At the point of decus- 
sation the muse. transversus has a breadth of = 4 mm., the muse. 


levator of about 10 mm. 


ı) BocHpaLsk, Beitrag zu den anomalen Muskeln in der Augenhöhle. Viertel- 
jahrschrift für die Praktische Heilkunde. Prag. 1868. Bd. IV. 
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Laterally from the point of. decussation the muse. transversus 
passes into-a thin flat tendon that goes below the gland. lacrimalis 
to the lateral orbital wall, and is inserted below the inferior edge 
of the lachrymal gland into the lateral orbital wall. 

After the decussation the musc. levator palpebrae splits in the 
usual way into an upper- and a lower-sheet. The upper one ‘soon 
expands into a tendon, which is attached to the skin of the upper 
eyelid, medially to the tartus sup. and to Tenon’s capsule, and 
laterally to the anterior part of the lateral orbital wall. The relations 
of the lower sheet are somewhat anomalous. After the splitting up 
of the upper sheet, the lower one passes into a strongly developed 
sheet of smooth muscular tissue: the musc. tarsalis sup. The lateral 
free border of the lower sheet has a length of about 3 mm. and 
then blends with Tenon’s capsule. The lower sheet now stretches in 
the normal way towards the anterior and settles at the upper mar- 
gin of the tarsus sup.; the medial part of the sheet has the same 
insertion points as Ihe upper sheet, for on this side the two sheets 
are united. The lateral part however is more expanded than usual. 

According to VırcHow') the two lateral borders of the upper and 
the lower sheet lie over each other; in our preparation this 
is not the case, for we see that the lateral part of the lower sheet 
stretches more backwards. Now this part of the lower sheet unites 
with the lateral expansion of the muse. transversus and thus the 
two constitute a tendinous sheet, gliding below the lachrymal gland 
to the lateral orbital wall and is inserted into it as a broad flat 
tendon, 20 mm. across. This tendinous sheet is grown together with 
Tenon’s capsule as was observed above to be the case also with the 
lower sheet of the muse. levator palpebrae. The orbital part of the 
lachrymal gland is found for the greater part on the tendinous sheet 
formed by the muse. transversus and the muse. levator palpebrae ; 
a small portion of it overlaps anteriorly the lateral border of the 
upper sheet of the muse. levator. The conjunctival part of the 
lachrymal gland is located between the two sheets ot the muse. 
levator palpebrae. 

In the right orbita?) (Fig. 2) the aspeet of the muse. transversus 
is on the whole the same as in the left; in the former, however, 
the muscle is more developed than the left. It also arises from 
the anterior part of the lamina papyracea ossis ethmoidalis as a 


!) H. VırcHow, Über Tenox’schen Raum und Tenxon’sche Kapsel. Abhandl. der 
Kön. Preuss. Akad. der Wissenschaften. 1902. 

?2) In the right orbita the muse levator palpebrae is cut through, the better to 
show the course of the musc. transversus, . 
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strong tendon of. approximately 8 mm. across, and is seen to lie 
against and somewhat below the trochlea. After the flat tendon, 
long about 3 or 4 mm. has changed into muscle fibres, the muscle 
here also gets narrower, and when it follows its way below the 
muse. obliquus sup. has’a breadth of 3 mm. and a thickness of 
1 mm. At a distance of 7 mm. from the medial orbital wall, the 
muscle widens again, as also happened on the left side, because 
fibres, coming from the medial border of the muse. levator palpebrae 
bend medially and pass into the musc. transversus. Subsequently 
the muscle deceussates the musc. levator palpebrae at right angles 
and glides almost entirely below the musc. levator. Only two narrow 
musceular bundles of the musc. levator, each about 1 mm. across 
(a Fig. 1) follow their way through resp. below the musec. transversus, and 
after proceeding anteriorly, join the bulk of the muse. levator. At 
the point of decussation the breadth of the muse. transversus is 
6 mm.; that of the muse. levator 14 mm. Then the muse. transversus 
extends further to the lateral orbital wall, glides below the gland- 
lacrimalis and attaches itself in the same way as on the left side 
to the lateral orbital wall. 

The union of the musc. transversus with the lower sheet of the 
muse. levator palpebrae accords completely with that of the left 
side. The musc. tarsalis sup. is still more strongly developed here 


} ' : h ; r N \ 
land. , ..._ Een # : i . _ 2 A. Uvstov . dito, 
De: < ’ y -\ EEE 
Aus. lvalor --- -. -—. -— Al obligu sup. 
pelpelnar drum: 
MM. ul ——- -- A. M. reckunı Lat. 


than the left one, above all laterally. The free border of the lower 
sheet of the musc. levator palpebrae is here #5 mm. in length ; 
"the lower sheet then unites with the lateral extension of the musc. 
transversus, and both form as on the left side a tendinous sheet, 
attached to the lateral orbital wall with a breadth of 18 mm. Here 
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also the tendinous sheet is blended with Tenon’s capsule. The 
relations of the lachrymal gland are similar to those on the left side. 


It appears then that the prineipal points of difference between the 
right and the left muse. transversus are that the right musc. trans- 
‚versus is more strongly developed than the left one and that the 


right musc. transversus extends further beneath ihe muse, levator 
palpebrae than the left one. 
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Now when comparing the case discussed just now with BoCHDALEKR’sS 
finding, remarkable differences come to the front. 

BocHDALEK saw the musc. transversus continuous with the muse. 
gracillimus, which has been described before by Aısınus'), and was 
closely related to the muse. transversus. The said muse. gracillimus 
is absent in our ease, which, therefore. is the first case in which 
the muse. transversus occurs uncomplicated with other abnormal 
museles. 

Furthermore BocHDALER calls attention to the fact that a close 
relationehip existed between the musc. transversus found by him 
and the muse.-levator palpebrae, in such a sense that most fibres of 
the two muscles were blended inseparably, and that others bend 
round partly anteriorly, partly posteriorly, towards the medial bor- 
der of the muse. levator palpebrae, while blending with the Jlatter; 
while a considerable part of tlıe musc. transversus pierced through 
the muse. levator and ran to the lateral orbital wall. Now when 
drawing a parallel between this description and ours, it is evident 
that a close connection between the musec. transversus and the muse. 
levator palpebrae is entirely out of the question here. 

First of all there is in our case no bending forward of fibres of 
the muse. transversus. Secondly we do not note an inseparable 
blending of the fibres of the muse. transversus and the muse. levator 
palpebrae. Thirdly in our case there is, strietly speaking, no piereing 
of the muse. levator palpebrae by the musc. transversus, because 
the muse. transversus runs almost entirely below the muse. levator 
palpebrae and only few slender muscle fascicles of the muse. levator 
pass below the muse. transversus, and that only’ in part. 

The prineipal points of agreement are the connection with’ the 
lower sheet of the muse. levator palpebrae and with Tuxon’s cap- 
sule, and the relation to the lachrymal gland. 

As regards the innervation of the musc. transversus, we are sorry 
to say nothing can be recorded. When the muscle was found, the 
upper fat-layer together with the nerves had on both sides got lost 
in the preparation. Bocupansk only reports an innervation of his 
left muse. transversus by very tiny branches of the nn. frontalis 
and lacrimalis. 

The function of the muse. transversus orbitae is naturally diffieult 
to ascertain. BocHpAaLEk considered the musc. transversus {0 be a 
complex musc. transversus internus and externus. When co-operating 
from the two insertion points (internal and external orbital wall), 


1) B. S. Ausınus, Historia Musculorum Hominis. Lugd. Bat. 1734. p. 176, 
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they would maintain the musc. levator palpebrae in position, and 
thereby sustain its leverage. Each part would of itself be capable 
of dragging the musc. levator palpebrea more or less to its own 
side, and thus drag the medial part of the eye-lid up- and inwards, 
resp. the lateral part up- and outwards. 

The connection to Tenon’s capsule would render an action on it 
possible and consequently assist in the leverage of the muse. levator 
palpebrae. Lastly, in consequence of the strain of the whole muse. 
transversus, the broad, lateral tendinous expansion would perhaps 
press the lachrymal gland tighter against the superior orbital wall 
and compress it more. 

Macauister ') believed that the muse. transversus was a displaced, 
deep slip of the pars palpebralis of the muse. orbieularis oculi. 
However, in my judgment the connection between the muse. trans- 
versus and the musc. levator palpebrae is too close for me to share 
his view. | 

If MacALISTER’S view were. correct, it would follow that the fibres 
would extend beyond the muse. levator palpebrae. But, as noted 
before, in our case, and in BocHDALEK’s case also, not a single 
muscular fibre of the muse. transversus runs beyond the muse. 
levator palpebrae; in our case the transversus-fibres pass chiefly 
beneath the muse. levator. This experience is supported by MACALISTER’s 
finding that he saw deep slips of the muse. orbieularis oeuli coursing 
in about the same place where we found the muse. transversus, 
and that these fibres ever occurred outside the muse. levator palpebrae. 


1) A.Macauister. A Descriptive Catalogue of Muscular Anomalies in Human Anatomy. 
Transact. of the Roy. Ir. Acad. Vol. XXV. Se. Dublin 1872. 


Zoology. — “Un the Anatomy of the Larva of Amphioxus lanceolatus 
and the Explanation of its Asymmetry’. By Prof. J. W. 
VAN WiJHR. 


(Communicated in the meeting of November 30, 1918). 


For many years I have attempted to complete a part of the 
many lacunae in our knowledge of the morphology of Amphioxus, 
because this morphology is in many respects the basis for the com- 
parative anatomy and embryology of the Vertebrates. 

After the publication in 1914 ın the Transactions of this Academy 
of my work on the changes of the larva of Amphioxus during the 
metamorphosis, during which growth ceases, I have managed to 
obtain sufficient material to investigate the larva during the growth- 
period. Now that the research and the necessary drawings have 
been completed — the text must still be written — I shall here 
discuss some results. 

Many years ago (1893) I found that the mouth of Amphioxus was 
only apparently placed more or less symmetrically, that in fact however 
it-lies exelusively on the left side as the nerves and museles of the 
buccal cavity without exception belong to the left side of the body, 
which was later on confirmed by others. This fact is in accordance 
with the earlier discovery of Kowankvskr (1867) that the buccal 
opening in the larva of Amphioxus is situated, not mesially, but on 
the left side of the fore-end of the body. 

Through its mouth, which is a mesial organ in all the other 
Metazoa, Amphioxus and undoubtedly also the related genus Asym- 
metron') stand isolated as remarkable in the whole animal kingdom. 

It has been repeatedly attempted to declare the mouth of Amphi- 
oxus for a mesial organ by accepting that it has removed to the 
left side. Its oeeurrence in the Jarva on that side had then to be taken 
up as an abbreviation of development. This removal would then be 
analogous to the phenomenon observed in the eye of the Plenro- 
nectidae. The young larva of the flat-fishes has an eye on each side 


1) Tarrersauu (Notes on the Classification and geographical Distribution of the 
Cephalochorda. Proceedings and Transactions of the Liverpool Biological Society, 
Vol. 17, 1903) has shown that in the Homomeria (Acrania) we can distinguish 
only these two genera: Amphioxus (Branchiostoma) and Asymmetron. 
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and swims like all other fishes with its back up, the side-planes 
turned to right and left. 

Later on however the animal swims with one side-plane turned 
up and the other down. The eye of the white under-surface then 
removes to the pigmented upper-surface, where the other eye is 
already situated. 

An analogous explanation of the situation of the moutlı in Am- 
phioxus is impossible, because it becomes clear througli the nerves 
and muscles of the displaced eye in the Pleuronectidae that this 
belongs to the under- and not to the upper-surface, on which it has 
come to lie. 

The nerves and muscles on the inside of the mouth of Amphioxus, 
which all come from the left side, prove on the contrary, that it 
cannot be considered as a mesial organ, but in fact belongs to the 
left side. 

While the mouth is formed on the left side in the young larva, 
a glandular metamorphosed gill-pouch, known as the elub-shaped 
gland, arises opposite to it on the right side. | 

Its discoverer, Harschek (1881), knew the external opening of 
this gland, but not yet the intestinal opening. Its presence was 
established by later investigators. 

It was now clear that the mouth of the larva of Amphioxus could 
be considered as a metamorphosed gill-pouch, and as an antimere of 
the elub-shaped gland. 

The question however arises with which organ of the higher 
animals the left-sided mouth of the Amphioxus larva is homologous. 
Is it the homologue of the left half of the mouth of the Craniota, 
that would then have to be considered as a product of fusion of 
the mouth of Amphioxus with the club-shaped gland; or is the 
mouth of {he Amphioxus larva the homologue of the first left gill 
slit of the Craniota, which is known in the Selachii as the left 
spiracle ? | 

Various grounds led to the conelusion that the latter must be the 
case. To my mind this was proved when it was found that the 
body-cavity of the lower jaw, the mandibular cavity, does not in 
Amphioxus lie behind the larval mouth, as is the case in higher 
animals, but in front of it. 

Amphioxus, indeed has no Jaws, upper- as little as lower jaw, 
but still it-has a mandibular cavity that indicates the position of 
the lower jaw. It is self-evident that an opening, arising behind the 
place of the lower jaw, cannot be considered a homologue of a 
part of the mouth of the Craniota. 
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Such a primitive organ as the mesial buccal opening of the Verte- 
brates must however originally have been present in Amphioxus. 
In my opinion the opening of Harscher’s groove, which is a product 
separated off from the fore-end of the intestine, must be considered 
as the primitive mouth of Amphioxus. 

However this may be, the original mouth of Amphioxus must 
have been, just as in the-higher animals, a syınmetrical organ 
situated in the mesial plane, rostrally to the spiracle. 

Why has the original mouth in Amphioxus been lost and been 
replaced by the left spiracle ? 

The manner in which the larvae that have just left the egg 
membranes move, can show us the way to come to an answer of 
this question. These larvae move forward spirally, by means of 
eilia, turning round the longitudinal axis from right to left. If 
we suppose that ancestors of Amphioxus possessed this form of 
motion permanently, then the left spiracle occurred in a more 
advantageous position to take in the sea-water necessary for nutrition 
and respiration, than did the mesially situated primitive buceal 
opening. This form of motion also makes. the remarkable veeurrence 
of the branchial apertures comprehensible. If we neglect the fore- 
most pair, which is metamorphosed to mouth and elub-shaped gland, 
the gill clefts do not occur in successive pairs as in all the Craniota. 
On the contrary, the apertures on the right side are altogether wanting 
in the larva during the period of growth; they do not appear until 
during the metamorphosis. During the period of larval growth the 
elefts on the left side alone appear. They make their appearance 
successively to a total of 14 or 15, apparently however not on the 
left side but in the Zopoyraphical mesial plane of the pharynx. 
Shortly after appearing each of these elefts is removed to the topo- 
graphical right side. 

At first sight this phenomenon seems very extraordinary, but it 
becomes more comprehensible when we consider the location of the 
truneus arteriosus, which indieates in Amphioxus, as in the higher 
animals, the morphological mesial plane of the pharynx. 

In the older larva of Amphioxus the truncus arteriosus does not 
run in tbe plane of symmetry under along the branchial intestine, 
but high dorsally along its right side. 

The morphological right side has remained behind in development 
as a narrow dorsal strip in consequence of the excessive growth in 
breadtih of the left side, which has hereby oceupied the ventral 
territory of the right side. 

Although the first 14 or 15 branchial apertures of the larva now 

66 
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lie on the topographical right side, they morphologieally still belong 
to the left side. It is first in the following period, that of metamor- 
phosis, that the right side of the pharynx also grows in breadth 
and gradually pushes the left side, with the gill-elefts back to the side 
where it belongs. 

The right gill-clefts now arise for the first time, having earlier 
been hindered in their appearance by the crowding of the clefts of 
the left side. 

With a screw-like motion turning from right to left such an 
oceurrence of the gill-clefts is no longer odd. The secondary mouth 
of the larva takes up water that flows away through the gill-elefts 
by means of eiliary motion. The gill-clefts of the left side had now 
to remove') to the topographical mesial line or better still to the 
topographical right side to prevent their taking in water. 

In my paper of 1914 I mentioned already that the form of 
motion of the young larva can explain not only the origin of the 
mouth on the left side, but also the odd oceurrence of the gill-slits. 
It was also mentioned that such a form of motion moreover makes 
it comprehensible that the organ of hearing (organ of equilibrium) 
could be lost, because the axis of a rotating object if the veloeity 
be sufficient, is stable; while it cannot be expected in such a form 
of motion that the eye would be developed to a complicated organ, 
forming images. 

At that time the ceriticism of Anam SEDGwIck on my explanation 
of the asymmetrie location of the mouth, in the third part of his 
text-book, published in 1909, was unknown to me. It is hidden in 
the chapter on the Echinodermata, in which the mouth originates symme- 
trically in the ventral median line, to remove later on to the left side. 

Admitting that this case of secondary asymmetry differs from the 
phenomenon in Amphioxus, where the mouth is developed primarily 
asymmetrically Sepewick says that Amphioxus and the Eehino- 
dermata still have the left-sided location of the mouth in common. 
He continues (l.c. p. 162) “Here again we have a character which 
strikes us from its very rarity, for it is found in no other Coelomate 
nor so far as we know in any other member of the animal king- ° 
dom. It also strikes us by its strangeness and inexplicableness. In 
Amphioxus no serious attempt has been made to explain it”. 

My explanation was thus according to SEDGWICK no serious attempt. 


') The removal of a mesially situated organ to the left side is not without 
analogy; it oceurs e.g. in the heart and stomach of man. As the nerves of these 
organs arise from both halves of the body it is also clear, without knowing their 
development, that they must have been situated mesially. 
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He also gives his reasons: “for no one, so far as we know, has 
ever attempted to bring the extraordinary features in the development 
of the gill clefts, of the-endostyle, of the head-cavities, the asym- 
metrie position of the anus and olfactory pit, into relation with the 
asymmetry of the mouth. The thing cannot be done. There is no 
sort of connexion between these various asymmetries. They seem 
to oceur without rhyme or reason”. 

Of all these arguments there is only one that seems to be consistent 
viz. that concerning the anus. We shall consider them consecutively. 

An explanation for the removal of the gill-clefts to the right side 
has just been discussed. The thyroid gland, indicated by SEDGWICK 
by the antiquated name of endostyle, is a mesial organ in all the 
Chordata. In Amphioxus it must also originate in the morphologically 
ventral median line of the gut. We saw that this line has been shifted 
to the riglit side in the branchial region of the larva. In the larva with 
three open gill-clefts (LAnk&ster and Wınury, 1890, fig. 1) it runs over 
the topographically dorsal (but morphologically ventral) edge of the 
gill-clefts. If we continue it slightly rostrally it cuts the angle in 
which the two portions (the later right and left halves) of the thyroid 
gland meet. In the larva the thyroid gland thus lies topographically ° 
asymmetrically; morphologically however symmetrically: 

The symmetry is in so far imperfeet in that the lower portion 
(the later left half) is longer and reaches considerably further rostrally 
than the upper portion (the later right half). We shall make use of 
this difference later on in refuting another argument of SEDGWICK. 

That the morphological median line of the gut was shifted to the 
right side also anteriorly to the gill-elefts viz. in the neighbourhood of 
the mouth can easily be explained by the considerable enlargement of 
the mouth, which takes place not only in the longitudinal, but also 
in the dorso-ventral direction. 

In the latter direction its lower border all but reaches the topo- 
graphically ventral median line, which it even passes during the 
metamorphosis, so that this typically left-sided organ is partly found, 
not temporally like the first gill-clefts, but permanently on the right 
side of the animal. 

The thyroid gland cannot take its permanent place at the ventral 
border of the gut until during the metamorphosis, after the gigantie 
larval mouth has been reduced, temıporarily even nearly to nil. 
Then the difference in length between its left and right halves has 
"also disappeared. 

Sppgwick’s third argument are the extraordinary phenomena in the 
_ developinent of the “head-cavities” i.e. of the portions Ss coelom 
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in the region of the head. The term “head-cavities” was introduced 
by Banrour, who discovered them in the development of the Selachii. 
In the branchial region of Amphioxus the coelom is divided by the 
gill-elefts into as many “head-cavities” as there are clefts, and the 
asymmetry of these cavities necessarily coincides with that of the 
gill-elefts. Here there is no new oddness to be explained. 

But Sepewick (textbook part II, 1905, p. 34) wrongly understands 
under “head-cavities’” only the foremost entoderm sacs of HATScHEK, 
which are placed before the mouth, as it seems, as each others’ 
antimeres. Soon however they take up a mesial position, whereby 
the right sac, a true head-cavity, is shifted before the left. In its 
further development the left sac has not a single character from which 
it could be deduced that it should be considered as a section of the 
coelom. Since 1893 — the last time more in extenso in 1914 (l.e. 
p- 63) — I have defended the opinion tbat the {wo sacs are only 
apparent antimeres, that they originally must have lain not opposite 
to, but before each other, and that the apparent antimerie occurrence 
must be the result of the asymmetry of the larva. In this opinion 
I however remained alone. The later investigators attached so much 
_ importance to the first appearance — certainly an argument of great 
weight — that they did not consider the important differences 
which soon arise. Undoubtedly the symmetrical situation of 
tbe foremost myotome (which must’ be considered as the second 
of the row; the first is included in the right entoderm sac) played 
a role in this. Yet in the rest — with exception of the third of the 
row — each myotome of the left side reaches, since its first appear- 
ance, half the length of a myotome more rostrally than its antimere 
of the opposite side. 

As this wry symmetry is found only in the region behind the 
mouth, in front of it however not, it was apparently taken for 
granted that the true gut in the snout would indeed be properly 
symmetrical. This is however not the case. 

When the first gill sacs of the right side make their appearance 
during the period of metamorphosis, the foremost of these does not 
lie opposite its antimere, but opposite the second gill cleft of the left 
side (cf. my paper 1914, fig. 3, 4, 5). In the fore-end of the 
branchial region the left side of the gut has been displaced rostrally 
over the whole length of a branchial metamere. ’) 


1). In the adult animal, (and also in the more caudally situated clefts of the 
larva) this removal is not so large. The foremost half of.a left cleft then, as is 


known, does not lie the whole, but half the length of a cleft rostrally to its 
antimere of the right side. 
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This removal also reaches to the part of the gut situated before the 
buccal aperture, as is evident from the above-mentioned (p. 1017) 
difference in length of the two portions of the thyroid gland, whose 
lower (later left) portion reaches much further forward than its’ 
‘ upper (later right) portion (cf. my paper 1914, fig. 1, 2, 3 out 
of the metamorphosis and LAankester and Winner 1890, fig. 1 ofa 
young larva with 3 open gill-clefts). 

As the entodermsacs of HarscHek now arise opposite each 
other just in front of the region of the thyroid gland the conelusion 
is obvious that their antimery is only apparent, even if we pay 
attention to their first appearance only, without considering their 
subsequent fate: The left sac is removed forwards and ought morpho- 
logically to lie behind the right sac, as is indeed the case later on. 

The last arguments of Sepewick are the asymmetrical situation 
of the anus and the olfactory pit. 

The removal of the olfactory pit, which develops out of the 
mesially situated neuroporus, to the left side is easily explained by 
the spiral motion with rotation of the axis from right to left: The 
olfactory pit had to catch up water and therefore to remove to 
the left side. 

The asymmetrical situation of the anus could however not be 
explained so easily. Not only does it lie on the left side in the 
adult animal, but according to Harschrk (1881) it is already situated 
on that side in the young larva with one gill eleft. 

In the same way as the gill clefts serve for letting out the water 
taken up by the month of the animal, the anus serves for letting 
out the undigested food. The respiratory water as well as the faeces are 
propelled not so much by musecular. contractions as indeed princi- 
pally if not exelusively by eiliary motion, thus by weak forces. 

To the same extent as it was profitable for the gill clefts to 
remove to the right side one would also expect this in the anus. 
It would have to be considered as a postulate of the theory that 
the anus either originated in the mesial plane, to remove later on, 
not to the left, but to the right side, or that it developed directly 
on the right side. 

In the hope of being able to discover something in young larvae 
that would throw some light on the question, I found beyond expec- 
tation, that the anus in larvae with one gill cleft is situated not on 
the left but on the right side of the body. 

This was clear beyond the slightest doubt in series of cross sec- 
tions. In preparations in toto it was however impossible, even with 
the strongest dry lenses, to determine in such a young larva on 
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which side of the body the extremely fine anal aperture was situated, 
because it could only be observed in profile, thus by focussing the 
microsope alternatively. 

After however using strong oil-immersion systems (e.g. Zeiss obj. 
!/, oc. 4) the situation of the anus on the right side of the body 
could elearly be seen also in these preparations. 

When the anus has just made its appearance the tail-fin does not 
yet reach rostrally to it, but this is soon the case, even when there 
is only yet one gill cleft present. The anal aperture then lies on the 
right side of-the tail-fin. Here it is also found in larvae with 2, 3, 
4, 5 or 6 gill clefts. 

Now however the remarkable phenomenon presents itself that it 
removes to the left side. In larvae with 7 gill clefts a lacuna arises 
in the tail-fin at the level of the anus, so thaf the tail-fin is inter- 
rupted at this place. The anus now enters this lacuna and thereby 
assumes a mesial position in relation to the body. This position is 
however of short duration. With the presence of 9 gill clefts the 
anus has already passed over to the left side, where it is further 
permanently found. The lacuna in the tail-fin vanishes and leaves 
no traces of its former existence. 

I cannot give a reason for this removal. It must stand in con- 
nection to the manner of life, of which we know little or nothing. 
This does not however affeet the principal question, the original 
situation on the right side, as .it was postulated by the theory. 

lf the theory is not accepted then there is here especially occasion 
for speaking of a development “without rhyme or reason”. 

In the theory there is in any case a “reason” for the initial 
situation of the anus even if it cannot “rhyme’” its permanent 
position with this fact. 


The question whether a pancreatie gland oceurs in Amphioxus 
does not stand in relation to the asymmetry discussed above. 

This gland is known in all the Craniota, from the Cyelostomata 
to man, but it is the common opinion that it is not present in 
Amphioxus. | 

It arises in the Craniota as one or more bulbs protruded out of 
the gut epithelium in the immediate neighbourhood of the aperture 
of the duetus choledochus, which as a rule later on also forms an 
opening of the pancreas. 

In the Lampreys, which in eonneetion with Amphioxus must be 
considered in the first instance, the gland is not very voluminous. 
This must party be aseribed to ihe fact that their pancreas, like 
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the liver, officiates as an organ with internal secretion. The excretory 
ducts of these glands, as well as the gall-bladder, have disappeared 
after the metamorphosis, but in the Ammocoetes, the larva of the 
Lampreys, they are present. 

The pancreatic gland of Ammocoetes lies hidden in the wall of 
the gut on the left side of the. excretory duct of the liver. 

At a quite analogous place I found the gland in Amphioxus from 
the first appearance of tlıe liver in the period of the metamorpbosis 
until the adult form. With good nuclear staining it can be seen, in 
preparations in toto of the newly metamorphosed larva, as a trian- 
gular stain on the left side of the wall of the gut immediately behind 
the place where the blind sac of the liver emerges. The rounded 
top of the triangle points forwards, the base is a transverse line, 
crossing the longitudinal axis of the animal at right angles. With a 
strong magnification it can beseen, more clearly still in cross section, 
that we have to do with a slight emergence of the wall of the gut. 

In the sections we see that the gland possesses a strong ciliary 
epithelium, but it has moreover cells without ciliae which may be 
considered as the true glandular cells. In the adult animal the gland 
is stretehed more longitudinally, and consequently the emergence of 
the gut wall is a longitudinal fold; its fore-end has been taken up 
in the hind-end of the blind liver sac. We find an analogous 
phenomenon in some fishes, where the pancreas is partly enveloped 
by the liver. 

* The reason why the numerous investigators of (he anatomy of 
Amphioxus could not find a pancreas is easily given. The mid-gut 
epithelium presents in cross section so many folds ') that it cannot 
be expected that one could distinguish these from the pancreatic fold 
unless one’s attention has been drawn to this in young animals. 

In the ontogenesis of the Craniota the liver (as an emergence of 
the gut) is first recognisable; somewhat later also the pancreatic 
gland. In Amphioxus this is just reversed. While the liver first 
makes its appearance as an emergence of the gut in the period of 
metamorphosis, the pancreatic gland can be followed back to the 
stage with two open gill clefts (in larvae with only one gill cleft 
it could not be seen). It is originally not limited to the left side, as 
is later the case, but envelops the gut like a ring. The ring is 
recognisable in that its nuelei are smaller and placed closer together 


1) These folds are also found in the oesophagus, (whose hind-end corresponds 
morphologically to the stomach of the higher animals), and in the foremost por- 
tion of the end-gut. They serve for enlarging the resorbant surface. In young 


animals they are not present. 
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than is the case before or behind the gland. The ring however is 
not regular, but its left side is developed more strongly than the 
right. Soon however it disappears on the right side and through 
this the gland becomes asymmetrical. 

As this asymmetry is also found in higher forms e.g. Ammocoetes, 
it must be independent of the above discussed asymmetry of tlıe 
branchial gut. 


Finally I sbould‘ like to point out that another gut-ring the ilio- 
colon ring, in the larva with one gill cleft is of importance for the 
morphology of the alimentary canal in the Vertebrates. In Amphiox- 
us this ring indicates the boundary between mid- and end-gut. 

Physiologists have already long known that the nervus vagus in 
the higher animals and man helps to supply not only the fore- or 
““head”-gut, but also (he whole mid-gut or “small intestine’”. Anato- 
mists as a rule ascribed to the n. vagus the region of the fore-gut 
only, because the foremost of the two strands which form the con- 
tinuation of the vagus plexus around the oesophagus, ends on the 
foremost wall of the stomach, while the hindmost strand is connected 
with the plexus solaris of the sympathetie nerve. 

On account of this connection it was impossible to follow with 
certainty the ramifications of the vagus further distally than the 
stomach. Our countryman Donkear ') has however lately succeeded in 
doing this in apes. He could establish the fact that the ramification 
of the vagus reaches to the end of the mid-gut and that it does 
not extend to the “large intestine” (end-gut in a broad sense). In the 
section of his text-book which appeared this year MerkEı also lets 
the ramification of the vagus in man reach to the end of the mid-gut. 

It is not surprising that the vagus, the tenth cranial nerve, supplies 
the fore-gut as it isa well known faetthatthe fore-gutisoriginally limited 
to the head region. The question now arises whether the mid-gut 
was perhaps originally situated in the head region also. To a certain 
extent the development of Amphioxus can give us an answer to this. 

The ilio-colon ring, which forms the boundary between mid-and 
end-gut lies more rostrally the younger the larva is. The larva of 
Lankester and Wiruer with 14 gill elefts already has 61 myotomes, 
just as many as the adult animal. The ilio-colon ring lies under the 
34th, Zeh and Ze myotomes. In their larva with 3 gill clefts and ° 
only 36 myotomes the ring lies under the 15th and 16th myotomes. 


) P. Donker, Ueber die Beteiligung des N. vagus an der Innervation des 
Darmes. Anat. Anzeiger, Bd. öl, No, 8, 1918. 
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In the Selachii and, indeed, generally in the Craniota the first 9 
myotomes belong to the head. It would now be interesting to know 
under which myotome the ilio-colon ring of Amphioxus is situated 
at its first appearance. This appearance takes place in the stage 
with only one gill cleft and an open anus. 

Although in the course of time I have made hundreds of prepa- 
rations of this stage, stained and imbedded in all sorts of ways, 
I have not been able to count the number of myotomes. Their 
boundaries, which are elearly discernible in earlier and later stages, 
were not visible in this stage, not even in series of sections '‘). 

It is possible that these boundaries are to be seen in living larvae. 
In any case Harscark (1881, fig. 64) indicates in a sketch of such 
a larva that there are 20 myotomes present; (he ilio-colon ring has 
however escaped his notice. If now the place of this ring, which is 
very clear in my preparations, is compared with the sketch of 
HaTsCHER, one comes to the conclusion that it must be situated 
approximately under the 9" myotome, thus at the end of the head 
region. 

In other words: Not only the fore-gut (prosenteron) but also the 
"mid-gut (mesenteron) originally lies in the head region, and if this 
is also the case in the Craniota, as may be expected, then it is no 
wonder that also the mid-gut is supplied by a cranial nerve, the 
n. vagus. The conception head-gut”” ought (hen not, as is at present 
the case, to be synonymous to fore-gut, but must include the 
mid-gnt also. 


1) One could speak here of a cryptomelameric stage, a characteristie — amongst 
ethers — tlıat these larvae have in common with the Appendicularia and the 
larvae of the Aseidians, in which the metamery is at present still denied by various 
investigators. 


Anatomy. — “/s the post-embryonie growth of the nervous system 
due only to an increase in size or also to an increase in 
number of the neurones?” (Second part). By Erık AGDUHR. 
(Communicated by Prof. J. Borkr). 


(Communicated in the meeting of February 22, 1919.) 
Mitoses. 


In connection with these matters I have found specially interesting 
phenomena in the thoracie region of a puppy seventeen days old. The 
spinal ganglia were fixed according to FLEMMIng’s method, cut upin 
paraffin sections from 3a to 5u thick and stained with the iron 
alum hematoxilin of HrıpexHamn. In these continuous series of sections 
I found a large number of mitoses — an approximate calculation 
showed that in a single one of these ganglia there were over two 
hundred mitoses. Figures 5, 6, 7, and 8 show how these mitoses appear 
in the preparation. One would be inclined at first sight to refer these 
mitoses, especially the ones reproduced in figures 5 and 6, to the 
large ganglion cells — the light field round the chromatin showing, 
of course, a rather diffuse transition to the rest of the protoplasm. 
Owing to the continuous series I was able, however, to follow the 
cells from one section to (he other, and then I found that the real 
nuclei of these ganglion cells were not found in a stage of division, 
and that these mitoses must belong either to other small cells situated 
between the ganglion cell and its capsule or probably to cells that 
form the capsule itself. In fig. 7, on the other hand, merely from 
the sharp ontline wbich the light field makes against the surrounding 
protoplasm it is clear that there can be scarcely any question of 
the existence of a mitosis in the ganglion cell — this was also 
confirmed by the investigation of the same ganglion cell in the 
preceding and following sections. In fig. 8 we have again an example 
of a cell which is going to divide mitotically, and which is situated 
outside tlıe capsules of the surrounding ganglion cells. With regard 
to size it resembles most elosely the cells in mitotical division in 
figures 6, 7, and 8, but on closer examination, for instance, if they 
are traced from section to section, one finds that it is surrounded 
by capsule cells. We thus seem to be quite justified in describing 
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this figure as a spinal ganglion cell at such an early stage of deve- 
lopment that it had not lost its power of increasing in number 
through mitotical division. I found another mitosis of this kind in 
the series just mentioned. Among the other group of mitoses, 
namely those in cells that are situated inside or in the capsule of 
an older ganglion cell, my preparation shows at least a few forms 
in which one can clearly follow the capsule peripherally of the cell 
that is engaged in mitotic division and where the latter must therefore 
be situated beneath the capsule. There are thus good reasons to 
support the assumption that, even among this group of mitoses, 
some are to be referred to very young undifferentiated cells, which 
on good grounds — for instance on account of their position — 
can be assumed to develop into nerve cells. By far the larger 
number of mitoses are, however, undoubtediy to be referred to 
ordinary capsular cells. But is the difference between the capsular 
cells and the nerve-cells really so great? Are not the former perhaps 
to be regarded as matrix cells for the latter? I must leave these 
problems to a subsequent and more detailed account of this question 
and confine myself to saying that there are points in the prepa- 
ration that support such an assumption '). These facts are all the more 
worthy of attention because, among the investigators who formerly 
looked for mitoses in spinal ganglia, Fremmine ’), Daar, and Len- 
HossEk have been unable to show any in young animals. MÜLLER ’), 
on the other hand, found them in new-born animals, but in no 
later age. The very large number of mitoses in the spinal ganglia 
shown in the present and other investigations of young animals 
clearly support the considerable post-embryonie increase in the 
number of capsular cells in this region, an increase that could 
scarcely be explained if the ganglia did not increase in number 
too. In my opinion the exceedingly great number of mitoses that 
are found in the spinal nerve-cells, according to what has been 
shown above, cannot possibly be explained by an increase in size 
merely of those spinal nerve-cells which were already present at 
birth. This is the less probable because the spinal ganglion-cells 
must deerease in number with the years, if new ones do not grow 
out and replace all those that degenerate and die away during 
post-embryonie life. And this degeneration of the nerve-cells is 
admitted and shown by all the chief investigators of this probleın. 


1) See addendum! 
2) FLEMMInG, DAAL and LENHOSSER. Quoted from MüLLER E. 
3) MÜLLER ERIK, Untersuchungen über den Bau der Spinalganglien. Nord. med. 


Ark. Stockholm. Bd. 23. 1891. 
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That such degeneration is rather common is also proved by the 
fact that no slight number of cells in a spinal ganglion of even a 
young animal show signs of degeneration. The new growth in this 
region has thus the task not only of replacing the ganglion-cells 
that have been destroyed by degeneration, but also of increasing 
their number. A fairly considerable increase of this kind takes places, 
as is shown above, during the animal’s period of growth. To judge 
from my preparations, nature seems in this generation to make use 
of both mitotie and amitotie division. In no case have I been able 
to refer the cells that show the latter type of division to such small 
forms as those in which mitoses oceur; the former cells seem to 
belong to remaining ganglion cells that are somewhat older and 
sometimes, at least, with a certain degree of development, for I 
have been unable to find fully developed processes among them. 


Amitoses. 


Besides the figures of mitoses one also sees in the preparations 
in question figures of cells which produce a strong impression of 
being engaged in direct division. As shown below one sees cells 
that seem to be in different stages of this division. The cells of this 
type, however, always belong to the young ones, to those cells (in 
the silver-impregnated preparations) that have taken a very slight 
amount of silver or even-none at all during the impregnation. 

The different stages of a direet division which are found in my pre- 
parations appear as follows: One sees cells, in which the nucleolus 
is being divided or has just divided (fig. 1a and fig. 25) and where 
the two nucleoli are still in each other’s immediate neighbourhood. 
The two nucleoli then move away from each other and the nueleus 
begins to show signs of ineision in the middle (see fig. 35 and fig 22). 
After this there follows a complete division of the nucleus, which 
is also frequently accompanied by a division of the protoplasmie 
body, fig. 3a and fig. 2a. Fig. 3a must be interpreted as a young apolar 
ganglion cell in which, after the nucleus had first divided into two, the 
protoplasmie body began to divide in the middle, after which the two 
nuclei again began a new division. The preparations in which these 
observations were made were particularly well fixed and impreg- 
nated, so that it is fairly certain that there was no possibility of artificial 
products. Another thing that further supports the idea of natural 
formations is the fact that these figures above-mentioned do not 
oceur in such very great numbers. It is true that there are many 
nuclei of ganglion cells (among the smaller ones) which have two 
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or more nucleoli, but there are fewer that show signs of division. 

I shall discuss at greater length below some of the literature 
concerning direct post-embryonie division of nerve-cells. I will 
only mention here that Ropnr') describes four different types of 
amitotie division of the ganglion cells in full-grown evertebrates. 
Paranıno states that direct division is a very common way for 
young ganglion-cells in the higher vertebrates to increase. 

In fig. 4a I reproduce a group of nerve-cells from a silver- 
impregnated spinal ganglion in a sixty days old puppy. In it the cells 
are packed close together into a formation shaped like a string of 
beads, Iying within the same capsule. Between the cells at a few 
places one can also clearly see bridges of protoplasm, which connect 
cells that are close to each other. The series ‘of sections of the 
spinal ganglia from this animal show numerous examples of similar 
groups (MüLzer E.) of cells situated within the same capsule. I have ob- 
tained the impression, however, that they do not occur in equally great 
numbers in all the spinal ganglia of the same individual; similar 
groups of cells have been observed in puppies of six and seventeen 
days — but they were not so numerous as in the sixty days old 
animal). In the 3,5 years old dog, among five spinal ganglia that 
were investigated, I did not come across more than a few ofthesegroups 
of cells and in the five years old dog among a still greater amount 
of material, I did not succeed in finding such a group in more than 
a single place. It is thus an obvious assumption to regard these 
groups of cells as formations belonging to the post-embryonie 
growth of the spinal ganglia — forms produced by the spinal 
ganglion cells during the post-embryonie increase in their number. 

In spite of the considerable number of works that have been publish- 
ed on spinal ganglia in the course of years, the information 
about these groups of cells to be found in this literature is exceed- 
ingly small. Before 1880, however, they had been observed by a 
number of investigators and were described most thoroughly by 
P. Marer ’). After that the subject seems to have been almost forgotten, 
until in 1889 and 1891 Mürter Erik ‘) gave more thorough and 
valuable descriptions of similar groups of spinal ganglion cells 
within the same capsule. Since Mürner’s description of- these groups 
of nerve-cells they seem. to have been neglected again in recent 


1) RopHE, Ganglienzellkern and Neuroglia. Ein Kapital über Vermehrung and 
Wachsthum der Ganglienzelle. Arch. f. mikr. Anat. Bd. 47. 

%) The sixty days old dog was rachitic. 

3) MAYER, S., Arch. f. Psychiatrie, Bd. 6, 1876. 

4) MüLLER, E,L c. 
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literature — I have not found a single mention of them in a whole 
series of recent publications on this subjeet that I have looked 
through. MÜLLER gives the name of “Cellkolonien” to these groups of 
nerve-cells and distinguishes between regular and irregular eolonies. 
“Die ersteren” —— the regular ones — “sind nach aussen durch eine 
eirkelrunde Kapsel vom selbigen Aussehen wie diejenige, welche 
die grossen Zellen umgiebt, begrenzt; innerhalb dieser Kapsel finden 
zich zwei, drei oder vier Zellen sehr regelmässig wie Sectoren um 
einen Mittelpunkt geordnet”. Münver also found bridges of protoplasm 
connecting the different cells of the colony with each other. I have 
not found in my preparations any colonies of cells which showed 
this regular arrangement of their cells, resembling a sector of a 
ceirele, although there are several figures of colonies in which the 
cells are very nearly equal in size; but in these cases they are 
situated side by side, although they do not always form such long 
rows as the one shown in fig. 4. Most of the eolonies observed by 
me are quite clearly built up of cells that are different in size, and 
it seems as if one might place them all in the group that Mürrsr 
describes as irregular. With regard to the significance of these 
eolonies MÜLLER writes: “Vielleicht steht das Vorkommen dieser 
Bildungen mit Regenerations-phänomenen in den Spinalganglien in 
Verbindung”, but he points out that, as he had no opportunity of 
studying the processes of these cells, his statement on this point can 
only be a supposition. He continues: “So viel geht jedoch aus dem 
unbedeutenden Vorkommniss bei älteren Thieren von diesen Bildungen 
— Kolonien und Halbmonden — welche bei jungen Thieren zahlreich 
auftreten, hervor, dass sie Entwicklungsstadien von Ganglienzellen 
repräsentieren und ferner, dass die Entwickelung der Spinalganglien 
eine langsame ist, welche erst in späteren Zeiträumen von dem 
Leben des Thieres abgeschlossen wird.” 

In tearing preparations of older animals the same investigator found 
that the crescent-shaped cells that are situated within the same 
capsule as other ganglion cells, have no processes. These observations 
of mine, however, are not made from tearing preparations, in which 
one has of course always to reckon with the possibility of the 
removal of processes that have really been present, but are 
made from continuous series of intensely impregnated BieLschowskY- 
preparations, in which one can very easily look for these eolonies 
section by section. In the series of sections from which fig. 4 
is taken there is no trace of any processes. The spinal ganglion 
in question is intensely impregnated according to the method mentioned 
above. The impregnation is very successful; not only the axons, 
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but the neuro-fibrils appear exceedingly distinetly. One may thus 
postulate that if processes of the cells in this colony had really 
existed, they would also have clearly appeared in the sections. That 
these cells are likewise at an early stage in their development is 
indicated, in addition, by the fact that there are evident bridges of 
protoplasm between some of them. In this series of sections there 
are, however, colonies of cells which, as far as one can judge, are at 
later stages in their development — in these the different cells have 
processes, there are no bridges of protoplasm between them, and 
the future capsules of the separate cells exhibit the first traces of 
their development. In the cells of some of the colonies found in the 
3,5 year old dog I have been able to show processes — there were 
also signs showing that these colonies were at a later stage of 
development than the one shown in fig. 4. In the five year old dog, 
as has been mentioned above, I found only a single tolony of cells 
and no apolar cells. The results of counting the ganglion cells and 
their axons indicate, however, that there really are apolar cells here 
as well‘). The purely morphological observations in the 3.5 and 
5 year old dogs do not, of course, quite exelude the possibility of 
there being colonies of cells here as well at a very early stage of 
development, but with regard to this ‚they indicate that in older 
animals these formations are relatively very rare. It is to be noted 
that such eminent investigators as Kerr and Rertzıus?), SCHWALBE) 
and of recent years Ranson‘), are decidedly against the opinion 
that apolar cells are to be found in the spinal ganglia on the other 
hand. KöLLıker®), MürLter®) and others hold the opinion that such 
cells really exist. It would lead me too far from my real subject 
were I to discuss in detail the literature concerning apolar cells in 
the spinal ganglia. I must content myself with the references already 
given, and in connection witb this point I wish to state that there 
are also investigators who have observed processes from cells in 
colonies similar to those described above; such are Arn»T’) and 
STIENON ®) etc. 


1) These and other explanatory details will be, given more fully in a fortheoming 
and more complete work. 

2) Key and Rerzıus. Studien in d. Anat. d. Nervensyst. u. Bindegewebe, Bd. 2, 
1876. ’ 
3) SCHWALBE, Arch. f Mikr. Anat. Bd. 4; 1868. 
4) Ranson, L. c. 
5) KöLLIKER, Handbuch der Gewebelehre, 5 Aufl., 1867, quoted from MüLLER E. 
6) MÜLLER, E., 1. c. 
7) ARNDT, Archiv f. Mikr. Anat., Bd. 10, 1873. 
8) Stırvon, Annales de l’universite libre de Bruxelles, 1880, quoted from MüLLEr E. 
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If now we summarize the observations that have been made and, 
given above on these colonies of cells and the processes of the cells 
that belong to them, it seems to be clearly shown that some at least 
of the apolar cells in these colomies grow out lo new neurones during 
the postembryonie growth of the animal. On the other hand it does 
not seem to me so easy to decide how these colonies of cells arise. 
The way is perhaps that small cells from the capsule cells which 
have been developed mitotically, or are at least situated within the 
capsule, grow out into new ganglion cells, which are added to other 
ganglion cells already existing within the same capsule. Might not a 
relatively large ganglion cell, which iu some respects is at an earlier 
stage of development — for instance, apolar — increase in number 
‚and become one of these colonies of cells by means of amitotie 
divisions. 1 have not been able to decide with certainty whether 
one or the other or both of these methods of formations occur, though, 
as a matter of fact, there are signs in my preparations to support 
the idea that both these.methods of formation may occur. 

If, as seems to be shown above, a new formation of neurones in 
the spinal ganglion really oceurs post-embryonally, one would and 
might, of course, also expect to find, during post-embryonie life, 
figures of growing axons in the peripheral nerves. I have examples 
of such claviform figures, which are quite evident in silver-impreg- 
nated preparations of, for instance, the dorsal and ventral roots of 
young dogs. More details of this will, however, be given below. 

I consider that I have now shown that the cells in the spinal 
ganglia sufficiently explain the origin of the actually existing and 
fairly considerable post-embryonie numerie growth of axons in the 
dorsal. roots of the spinal nerves. I shall now pass on to examine 
to some extent in connection with those matters the 


Medulla spinalıs. 


There is but exceedingly scanty information about post-embryonie 
divisions of the ganglion cells of the central nervous system to be 
found in literature, and the existing accounts are not generally 
admitted to be correct. These acevunts, however, take two directions. 
Some investigators maintain that the cells in this region divide by: 
means of mitoses, others say that the usual method of increase in 
this case is that of amitotie cell division. 


Mitoses. 
ALLEN!) states that in the spinal eord of an “albino rat” twelve 


) ALLEN, EzRA. The cessation of mitosis in the central nervous system of the 
Albino rat; J. Comp. Neurol. Vol. 22, .pp. 547—568, 1912. 
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days old he found (counting in mm*) 46 mitoses in the cervical, 
75 in the thoraeice and 14 in tbe lumbar region, but that in an 
animal twenty days old he could not show a single one. 

Hamıtron!) found in thirteen succeeding sections, 6,75 1 thick, 
from the medulla spinalis of a four days old rat mitoses in the 
ependyma and 64 situated extraventricularly. | 

Anpıson W. H. F.°’y found. in an “albino rat’”’ nearly 22 days old 
mitoses “in the other granule layer” of the cerebellum. 

Scravunos G.?) has observed mitoses in the central nerve system 
of new-born dogs. 

Sucıra Naokt‘), who has studied the post-embryonie growth of 
the cortex of the brain in the “albino rat’’, found that the value 
for the number of cells in this region in the ten days old animal 
was 1,9 X the value at birth, and (hat the number of cells incereases 
further during the next ten days and is complete at 'twenty days. 
After this time the number of cells is practically constant and the 
number of cells in the fully-grown state is approximatelv twice as 
great as at birth. These caleulations are based on the determination 
of the number of cells in only two layers at only one place and 
therefore their general value may be questioned. S. has, however, 
previousliy shown by measurements made at different places on the 
cortex of the brain that it undergoes the same relative increase in 
thickness between birth and maturity. $. considers that the values 
obtained may therefore with great probability be generalized for the 
whole cortex. With regard to the way in which such a post-em- 
bryonic increase in the number of cells in the cortex takes place 
one can, of course, herein supported by Auuen, who in 25 days 
old speeimens of the “Albino rat” found as many as 27 mitoses 
per mm? of tissue in the cerebrum, consider that it is due to 
mitotie division. 

The values given for the number of mitoses and for the increase 
in number of the cells in the central nervous system do not refer 
to any definite number of cells, but apply to all the cells taken 
together, and thus do not exelude an increase in the number of 


1) Hamıvton, Auıce, The division of differential cells in the central nervous 
system of the white rat. J. Comp. Neur., Vol. Il, pp- 297— 820, 1901. 

2) Anpıson, W. H. F., The development of the Purkinje cells and ofthe cortical 
layers in the cerebellum of the Albino rat.-J. Comp. Neurol. Vol. 21, pp. 459—487. 

3) ScLAvunos, G., lleber Keimzellen in der weissen Substanz des Rückenmarks 
von älteren Embryonen und Neugeborenen Anat. Anz., Bd. 16, 1899. 

4, Sucıra NAORI, Comparative Studies on the growth of the Cerebral cortex 
III, IV and VI, Journ. Comp. Neur. Vol. 29, 1918, . 


Proceedings Royal Acad. Amsterdam. Vol. XXI. 
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both glia and ganglion cells. The mitoses found in the central 
nervous system of young animals do not seem to refer - a 
neuroblasts (Hıs) ‘), but the preparation indivates ‚that KoKLLIKER ) 
is right when, partly by reasoning and partly by direct observations, 
he comes to the conelusion that those “Keimcellen” that are in 
mitosis are undifferentiated epithelium-cells, which give rise to both 
glia and ganglion cells. ScHaPer ’) arrives at the same result by his 
investigations of the course of differentiation in the central nervous 
system of the trout. We thus seem to be justified in postulating as 
a fact that as long as mitoses can be shown in the central 
nervous system a new formation of ganglion cells is also taking place. 

In Prenant ‘) we read as follows: a. “Les’cellules nerveuses, en 
se differenciant, ont perdu le pouvoir de se reproduire, 5. Les rares 
multiplications qu’il a ete possible d’observer dans les. cas de eicatri- 
sation de portions du nevraxe, appartiennent ä la neuroglie (VALENZA, 
Marrınesco, Monti); c. Enfin il n’est.pas exclus que les quelques mitoses 
observees doivent &galement ätre assignees A la neuroglie”. Among 
the investigators who do not seem to be able to admit the possi- 
bility of an increase of the neurones during post-embryonie life I 
want to mention also Bızzozrro °) and Marınesco °). In deeiding such 
matter these authors seem more or less to have proceeded from the 
idee preconeu that the neurons have a very long life aud 
are nearly perpetual. They consider that this is an absolutely neces- 
sary qualification if the individual is to perserve its psychical 
inheritance, to form associations of ideas, and for memory in general. 
A. close study of suitable preparations of, for instance, the spinal 
cord from animals of different ages will soon convince us that 
this does not quite agree with the real facts. For in these 
preparations one finds not infrequently figures of ganglion cells 
which are degenerating as well as those which indicate generation. 
Nor is the literature on the subject without scattered statements 
about observations of such degeneration in the central nervous 


!) Hıs, Die Neuroblasten und deren Entstehung im embryonalen Mark. Arch f. 
Anal. u. Entwickelungsgesch. 1889. 

?) v. KoELLIKER, Gewebelehre, Bd. 2, 1893. 

3) SCHAPER, Archiv, für Entw. mech. der Organ. Bd. 5. 

*) PRENANT, Histologie et Anatomie mieroscopique, t. II, p. 353, 1911. 

5) BIZZOZERO, G,, Accrescimento e rigenerazione nell’organismo (Conference du 
Prof. G. BizZzozERO au Congres international tenu & Rome en 1894). Voir, en 
‚ outre, dans le 2e volume des oeuvres scientifiques du m&me auteur publie a Milano 
en 1905, et dans les Arch. ital. de Biol. t. XXI, p. 93, quoted from PaLapıno. 

$) MARINESCO, G., La cellule nerveuse, Vol. 1, p 400, Paris 1909, 
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system. Among the investigators who have made such observations 
we mention ReTtzıus, v. GEHUCHTEN, RAMON Y UaJaL, DEsRRINE. 

The presence of degenerating nerye elements in individuals that 
are growing also renders the possibility of a regeneration of such 
very probable. If there is no regeneration, the nerve elements would, 
of course, decrease during growth—-a phenomenon that is not indi- 
cated by any recorded observations. The probability of. generation 
becomes certainty, however, when one investigates suitable prepa- 
rations from the central nervous system, for instance from the 
spinal eord of animals at various post-embryonie ages. Such prepa- 
rations show numerous figures of new growth, which seem to me 
suffieient to explain not only how degenerated ganglion cells 
are replaced, but also how the increase in nerve fibres in the 
central roots arises, which I proved aböve to exist during the period 
of growth. 

I have made suitable preparations for these investigations from 
the spinal cord of toads, mice, rats and dogs of different post-em- 
bryonic ages. The material was fixed either in FLEMMINg’s Or ZENKER’S 
fixing liquids and the paraffin sections cut from it were impregnated 
either with Hemennaın’s iron-alum haematoxylin or with Eruicn’s 
acid hoematoxylin. I have in addition, quite excellent BiELSCHOWSKY- 
preparations from this material. 

In the hcematoxylin-impregnated preparations from toads 2 em. 
long (from neck to sacrum) and ten days old mice I found some 
— but very few -- mitoses. On the other hand I have not found 
any certain examples of such mitoses in the older individnals of this 
species nor in six and seventeen days old dogs or in full-grown 
ones. In a young mouse 23 days old (Mus muse. var. albus) I found 
three appearances, which are reproduced in figs. 9 and 11. The 
figures are carefully drawn from preparations — which are from 
the material that was fixed by Fremning’s method — and, at the 
first glance, certainly produce the impression of being mitoses, and 
it is possible, of course, that this is the case. A number of facts 
seem to me, however, t0 vender this doubtful; these are first, that I 
have not found any more mitoses in this animal and, secondly, that in 
other mice of equal age, in which the material was fixed according to 
ZENKER’s method — this method gave better and finer results — 
and impregnated in the same. way, ] have not found any trace of 
mitoses. In any case I have not found any appearance of a mitosisin pre- 
parations of the spinal cord of white mice more than 24 days old. 
My observations of mitoses in the spinal cord of growing individuals 


thus agree on the whole with those previously. made by other in- 
67* 
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vestigators. As far as the animals investigated by me are concerned, 
an inerease in the number of neurones by means of mitotie division 
of nerve cells seems thus to be coneluded during the first month of 
post-embryonie life. Donanpson’s ') statement: ‘“Moreover, in the case 
of the albino subjeeted to modifying conditions after 30 days of age, 
‚the number of neurones is already complete at this age, so that the 
changes induced are again merely of size’), unless some neurones 
should have been destroyed,’” is an assertion that I cannot agree 
with, as far as my material is concerned, and ] am inelined to 
think that it does not deseribe the conditions in any animal. If 
one gives a striet definition of a neurone as being a nerve-cell 
with its processes, one of which is an axon and the others dendrites, 
and one adds to this the generally accepted condition, which by 
means of the evidence put forward about it, has almost become 
a certainty, namely that one cell in the ventral horn does 
not send more than one axon out into the ventral root and that 
the axons do not show any T-division on their way through this 
root, the considerable post-embryonic increase in the number of 
axons in. this region, which has been shown above to be an actual 
fact, is a proof of the real existence of an increase in the number 
of neurones during a considerably longer period of development than 
the one given by DoNALDson. 

The Wistar school (DonaLpson and others) have, as has been stated 
above, with their splendid statistical and experimental investi- 
gations found, by means of the methods they have used (staining 
of medullary sheaths), that post-embryonie growth in the nerve roots 
is principally merely an advanceing myelinisation. The most important 
of all the changes that take place during this process, namely the 
post-embryonie growth in the number of axons, has quite escaped 
their notice. There was therefore no need to look for an increase 
in the number of neurones going on for a longer time postembryonally 
{han the time during which the mitosis in the central nervous system 
‚showed clearly that an increase of this kind really existed. But is 
mitosis the only way in which an inerease or a new formation of 
the cells in the central nervous system can take place ? 

Scattered statements in the literature exist to the effect that a new 
formation of nerve-cells may also take place by means of 


') DonaLoson, H. H., Haraı, S. and Kıng, H. D, Post-natal growth ofthe Brain - 


under several experimental conditions. Studies on the albino rat. Journ. Nerv. and 
Mental Disease. Vol. 42, 1915. 


%) The italics are mine, 


GDUHR: “Is the post-embryonie growth of the nervous system due only to an increase in size or also to an increase in the number of neurones?” 


Mitosis in the capsular cell. 


musculus var. albus. Mitosis in the nerve cells. 
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Figures 1, 2,4, 5, 6, 9, 10, 11, 22, 23, 24 and 25 are drawn after magnilying w 
LEITZ immers. "iz and ocul. 4 and using REıcHerT's drawing apparatus. 

Figures 3, 7, 8, 12 and 26 are drawn after magnifying with Zeiss apochr. imm 
2 mm. Apart. 1.3 and Comp. ocul. NP, 6, with the help of Abbe's drawing appa 

Figures 13, 14, 15, 16, 17, 18, 19, 20 and 21 are drawn after magnilying with Zw 
Apochr. imm., 2 mm. Apart. 1.3 and Comp. ocul. N’. 12, with the help of Leitz's 
drawing apparatus. BB Er 


Fig. 1. Repr. *%. Gangl. spin. (Fix. Fremsing staining Jhtx and Eos.) of a 17 
old dog. a. Ganglion cell with division of the nucleolus just started. 5. Nucleus di 
amitotically. This small distinct collum-formation between the nuclei is very rare. 

Fig. 2. Repr. ®. Gangl. spin. (Fix. and staining the same as the preceding) from the 
same section series as in fig. 1. a. Ganglion cell dividing amitotically. 5. Ganglion cell 


in which the nucleus has two nucleoli. i E 
Fig. 3. Repr. ®%. Gangl. spin. (Silver-impregnated according 10 the BiıeLscHo 
method with my own modifications) of a six days’ old dog. a. Ganglion cell dividing 
amitotically. 5. Ganglion cell with the beginning of amitotie division of ihe nucleus, 
Fig. 4. Repr. ”s. Gangl. spin. (Impr. as in fig. 3) of a sixty days’ old dog. a. Colo: 
of apolar cells. Between the three cells in the middle there are bridges of protopl 
Fig. 5. Repr. *s. Gangl. spin. (Fix. and staining as in fig. 1) of a 17 days’ old 
The ganglion cell on the left imitates a mitosis. The mitosis in reality belongs t 
capsular cell. BR 
Fig. 6. Repr. *. Gangl. spin. (Fix. and stain. as in fig. 1) of lays’ old 
The mitoses in the capsular cells or in cells subzapsularly situated, wh 
to become ganglion cells (f). zu A5 


Fig. 7. Repr. ‘s. Gangl. spin. (Fix. and stain. as in fig. Vote 


th 
DB 
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Fig. 8. Repr. ”. Gangl. spin. (Fix. and stain. as in fe. D)« Bi 
Mitosis in a very young ganglion cell. i 1 Ge 

Fig. 9. Repr. Yı. Spinal cord. (Fix. and stain. as in fig. 1) of 
musculus var. albus. a. Mitosis. b. Amitosis in a young nerve cell. 

Fig. 10. Repr. *%%. Spinal cord (Fix. and stain. as 1 fig. ofa24 
musculus var. albus. Syncytium or plasmodium of young nerve cells. 


Fig. 11. Repr. "ı. Spinal cord (Fix. and stain. as in fig. 1) of 2 


Fig. 12. Repr. % Spinal fanglion (Imprägn. me in Bu Ska ıE 
Bipolar ganglion cell. ' ZB x u 7: E 

Fig. 13. Repr.”. Spinal cord (Fix. and stain. as in fig. 1) ofa full-grown 
An example of fairly frequently occurring indentation 
my opinion these indentations have very probably no c 

Fig. 14. Repr. %. Spinal cord (Fix. and. h 
musculus v. albus. An exaraple of a stage in 
are quite separated but the protoplasmic t 

Fig. 15. Repr. *%. Spinal cord. 
musc. var. albus. Cell plasmc : 
‚centralis. . i 

Fig. 16. Repr. %s. Spins 
musculus v. albus. An exa 

Fig. 17. Repr. %. 
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Amitotice division. 


Most investigators believe, with FLemMing, that mitotie cell division 
is the only way in which a new growth in a healthy body can 
take place.” And it is generally admitted that amitotie cell division 
oceurs only in pathological tissues and, apart from this, only in 
cells that have a very short life. As has been pointed out above, 
the nerve cells are generally admitted to have a life equal in length 
to that of the individual; it is therefore obvious that any idea of 
an increase in these by amitotie division must be out of the question. 
And I must myself confess that the idea of the permanence and 
high position of the neurones among the cells in general has become 
so deeply rooted through studying handbooks of medieine as well as 
the majority of special treatises on this subject that it is really 
diffieult to get uccustomed to the idea that there may be another 
possibility for the increase in the nerve-cells than mitotie division. 
If, however, one comes quite freely, as I did, to the problem of 
explaining the actually existing increase in the nerve-fibres during 
the whole post-embryonie development, and finds that this explanation 
has to be sought in an increase in the number of the neurones and 
not in a cleavage of the axons — and this at the same time as one 
finds signs of how a large number of the nerve cells are degene- 
rating and dying away, then of course the new formation of ganglion 
cells, even after mitoses no longer oceur in these regions, must be 
considerable. There are also in the central nervous system, as will 
be deseribed in more detail below, appearances that seem to indicate 
that amitotie division of young cells really takes place there. Obser- 
vations pointing in this direction have already been made and 
described in literature, although this information seems to have 
attracted but little attention. 


Ronpe'‘) described in 1896 how ganglion cells in invertebrates 
increase by amitotic division. R. distinguishes four different types 
of such a division in these animals. As invertebrates have not been 
ihe object of my investigations in this matter, I cannot eritieize 
R’s 'statements, although some of them seem somewhat strange. 

Patapıno*) (1914) describes amitotie division of cells in the central 
nervous system of vertebrates. P. states that the neurones degenerate 
and perish, and in connection with this there is a new development of 
nerve elements. There are good reasons for believing that this 


!) ROHDE, 1. c. 
2) PALADINO, |. c. 
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development takes place by means of the activity of the ependyma 
and to a subordinate and limited extent by means of direct division. 
Where ihese elements exist they sink down and gradually disappear, 
sending off a first process, which grows and is lengthened, while 
others are also developed, so that gradually a multipolar cell arises. 
“Avant d’arriver & cette differeneiation, ces elements se divisent ca 
et IA par seission direete, qui, ou bien se complete — et alors les 
nouveaux elements restent en connexion avec un des prolongements 
— ou bien ne s’acheve pas, et on a alors des formations gemellaires 
de divers degre. Ces faits peuvent s’observer le long de la moelle 
epiniere d’individus d’äge different et dans des preparations obtenues 
avec des series de sections frontales et avec les divers colorations”. 
PALaDIıno accompanies his statement with a figure to show how the 
epithelium-cells (ependyma) are further differentiated and move down 
into the surrounding tissue. On the other hand it is to be regretted 
that P. did not add a figure showing a cell engaged in direct division 
and that he did not give a more detailed description of the amitoses 
in the central nervons system observed by him. 

The more thoroughly I study my preparations from the central 
nervous system of animals of various post-embryonie ages, the more 
convinced am I that Parapıno is right in his statements as given 
above. In these preparations of mine I have found, in a number 
of places, appearances that indicate, just as clearly as P.’s figure, a 
movement of cells from the ependyma into the surrounding tissue. These 
appearances are not, however, found continuously along the whole 
central canal, but oceur scattered here and there — this too agrees with 
P.’s statements. On the other hand, with regard to figures of direct 
cell division, I have observed a great many which, in my opinion, 
are to be interpreted in this way. And as a matter of fact I have 
obtained series of such appearances which show the different stages 
of a direct cell division. Notches, indentations and irregularities in 
shape ocenr very often in the nuclei of the nerve cells. If, however, 
such appearances be examined möre closely, we shall find in most 
cases that they cannot be counted as figures of amitotie divisions. 
Thus figures which may with a great degree of probability be 
considered as stages of amitotie cell divisions do not oceur in such 
abundance in my preparalions of the spinal cord from the above- 
mentioned animals. Fig. 13 shows a type of these notches, which 
are very common in the nuclei of ganglion-cells, but which, as far 
as one can see, have nothing at all to do with amitotie divisions 
of the cells. Figs. 14 and 15 are cell-plasmodia or syneytia, of which 
one often sees examples, especially close to the ependyma. The 
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syneytium in fig. 14 was situated immediately beneath the ependyma, 
and that in fig. 15 in the dorsal horn of the spinal cord in a 
young white mouse ten days old. Figures 1b, 2x, 3a, 95, 10, 14, 
15, 16, 17, 18, 19, 20, and 21 are pictures of different stages of 
young nerve cells engaged in amitotic division. These figures are 
all drawn from appearances in the spinal cord of a white mouse, 
the two first from an animal 24 days old and the others from 10 
days old animals. In the material from toads and dogs that was 
investigated, similar appearances to those in the white mouse have 
been found to about the same extent. Fig. 95 shows one stage of 
direct cell division which in my opinion is very rare; I myself 
have only found this single case. Fig. 20 shows the most advanced 
ineision usually seen. Transitional stages between this and complete 
division of the nuclei oceur exceedingly seldom. I obtained a parti- 
cularly weleome opportunity through Professor Borkr’s great kindness 
during my visit to Holland last summer — of observing in eelem- 
bryos that it really is a fact that the appearance of amitoses is 
very rare in cases where the daughter-nuclei show only very narrow 
communicating bridges between each other. It is, as we know, 
generally recognized that the nuclei in the myogene tissue increase 
by direct division during a later stage of its differentiation into 
museular fibres. Eel-embryos are particularly suitable for the study 
of this development (Gopsewskı E.'). Borkr’s very fine preparations 
of these embryos showed in this region numerous nuclei engaged in 
amitotie division. It is worthy of note that here too, among this 
mass of nuelei in amitotie division, no stage could be discovered 


in which the nucleus showed a far advanced incision — and con- 
sequently a very small communicating bridge between the two 
daughter-nuclei. — Accordingly, after studying this material, I was 


inelined to assume that the last part of the process of division took 
place rapidly, without any narrow drawn-out communicating bridge 
between the daughter nuclei being formed. With this in view, it is 
not strange that I looked upon the appearances that form the basis 
of fig. 21 with a certain amount of surprise and doubt. Does this 
figure really show stages of amitotic cell division or are they only 
artifical products? The preparations were well fixed and asa matter 
of fact do not support the idea of there being artificial products. 
The nucleoli show a particularly great generative tendency. If we 


!) GopLEWSKI, E. Ueber Kernvermehrung in den quergestreiften Muskelfasern 
der Wirbeltiere, Bull. intern. de l’Academie des Scien. de Cracovie, 1900. 

2) GopLewskı, E. Die Entwicklung des Skelet- und Herzmuskelgewebes der 
Säugethiere. Arch. f. mier. Anat. B. 60, 1902. 
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add that this pieture is the only one.among my extensive material 
in whieh I found such far advanced ineisions in the nuclei, these 
facts certainly support the idea that there really are natural forma- 
tions. All these cells that show signs of amitotie division are very 
young. Some of them have no signs at all of processes (fig. 19 and 
20), while others show indications of the beginning of a develop- 
ment of these (figs. 95, 16, 17, 18, and 21). I can agree with PaLa- 
DINo’s statement quoted above that it is only before the differentia- 
tion of the processes (hat amitotie division takes place.. On the strength 
of the appearances in this material I am of the opinion tlıat the 
amitotic division proceeds in the way: 

a) The nucleolus ') increases in length and begins to show incisions 
in the middle ; this ineision becomes deeper and deeper (figs 16 and 
17) and finally we have a division into two nucleoli, each of which 
moves to an end of the nucleus of the cell, which has begun to 
become drawn out into a more or less oval formation. The nucleoli 
often exhibit a continued power of generation even after they have 
moved out to the future daughter-nuclei; it is this that causes us 
often to see in such daughter-nuclei either one nucleolus engaged 
in direct division or else several nuclei, a number of which may 
be seen moving out of the nucleus. I have not been able to decide 
with certainty ‘whether the filaments (nuclear fibres) of the nucleus 
thereby have any specific function. It is a fact, however, that there 
are sometimes appearances which point to this being really the case 
(ig. 16 and 17). 5) The drawn-out, elliptical nucleus begins to show 
signs of ineision in the middle (fig. 16, 17, and 18). This ineision 
usually takes place in the middle, so that the two daughter-nuclei 
are equally large. There are, however‘ figures showing the existence - 
of a slight dissymmetry (fig. 18). The ineision grows deeper, but is 
not as a rule, however, deeper than is shown in fig: 20, the con- 
nection between the nuclei being retained. Incision of the nuclei as 
far advanced as that shown in figs. 95 and 21 is exceedingly infre- 
quent and these figures are the only ones I found of this type. 
There are also figures that indicate that the fibres of the nucleus 
. may have something to do with the division of the nucleus. €). If 
the cell in which the nucleus divides amitotically is at a very early 
stage of development, a cleavage of the protoplasm does not, in 
most cases, ensue, but a cell plasmodium arises. These cells are 


> 


It should, however, be noted that such phenomena of new growth often appear 
in the nucleoli without the nucleus otherwise showing any signs of an amitotic 
division. 


1039 


then situated most frequently in the neigbourhood of the central 
canal (fig. 15). If the cell is at a somewhat later stage of develop- 
ment, an incision of the’ nucleus is usually accompanied by a division 
of the surrounding protoplasm, which even at the same stage shows 
protoplasmie processes engaged in development (fig. 10). Cells of 
this last type are sitwated farther away from the central canal. 

It is noteworthy that the structure of the nucleus in the cell engaged 
in amitotie division seems to be relatively intact in comparison with 
the corresponding condition in mitotie cell division. 

With regard to the degree of the neurone formation I think that, 
on the ground of the reasons given above, I may go a step further 
than Parapıno when he writes:: “En conelusion, le tissu nerveux 
ne fait pas exception & la loi, d’apres laquelle tout tissu vit dans 
’ensemble et se renouvelle isol&ment, pour remplacer les el&ments 
qui se deteriorent et se detruisent; en d’autres termes, le tissu ner- 
veux, lui aussi, est un siege de regeneration pour ainsi dire restauratrice.” 
It seems to follow from what has been shown above that we are 
not dealing with merely a restoration of, but also with an increase 
in the number of neurones. ö 

In order to complete this survey I shall add the results of my 
investigations of the 


Appearances of growih 


of the axons in the dorsal and ventral roots of the spinal nerves. As 
has already been shown above, the caleulations of the number of 
the .nerve fibres in eross-seetions of the dorsal and ventral roots of 
the spinal nerves made at a, qaj and db, db, text fig. 1 gave such values 
that one might expect that figures of growth might also really be 
shown in longitudinal sections of these roots. Silver-impregnated roots 
from some intact lumbal nerves of a 17 days old dog were set up 
in series of seetions of suitable thickness, and then the preparations 
were searched for figures of growth. These investigations showed 
the oceurrence of a large number of figures of nerve-fibres free 
from medullary slieaths, whose ends are situated between the two 
section surfaces of {be preparations; the shape of these ends shows 
that they could scarcely be due to the nerve-fibres having been cut 
off when the. sections were cut. Of the different shapes that the 
ends of these nerve-fibres take I will only mention one here, namely, 
that which shows a swelling at the point; this swelling has in most 
cases a claviform shape (figs. 22, 23, 24, 25, and 26). The nerve- 
fibres in these cases were very fine, and showed repeated convolu- 
tions during their course (fig. 26). A large number of such nerve- 
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fibres with a winding course were to be found in my preparations, 
although I could not find the free end of all of them. Of these 
figures of growth at least those that form the basis of figs. 22, 25, 
and 26 may be considered as being absolutely reliable. These figures 
resemble, of course, tbose usually found in preparations of nerves 
engaged in regeneration (in the regeneration of a peripheral end 
of a nerve, being produced experimentally), BoEKE, RAMoN Y CAJAL, 
etc. We thus arrive at the interesting fact that in the roots of the 
segmental nerves of fully intact animals as old. as those we are 
dealing with there really exist neurites engaged in growth, and also 
a new formation of neurones — a phenomenon that must be con- 
sidered of fundamental importance for a comprehension of the post- 
embryonal growih of the whole individual. 


Resume and conclusions. 


The investigations of the material in question have shown that 
the post-embryonice growth of the peripheral nerves is not due 
-— as far as the axons are concerned — solely to an advaneing 
myelinisation (DoNnaLpson, etc.) and an increase in the thiekness of 
the separate axons, but is also due to an increase in the number 
of axons. This increase in the number of axons is, however, relatively 
larger during the earlier than during the later post-embryonie period 
of the animal’s development. It is of special interest to note that the 
results of counting the axons show that the increase in the number 
of axons goes on for a considerable length of tiıne during the post- 
embryonie life of the individual (see the table). This post-embryonie 
period during which an increase in the number of nerve fibres. in 
the roots of the spinal nerves takes place is many times longer 
than that during which mitoses can be shown in the spinal ganglia 
and the spinal cord. 

Investigations carried out with the objeet of explaining the method 
in which such a post-embryonal-inerease in the number of axons 
arises have shown that it can not be explained by means of 7” or 
Y-division of the nerve fibres or by assuming that the same nerve 
cell sends off more than one axon, but that the explanation must 
be sought in a real increase in the number of the neurones. This 
increase in the neurones seems to a great extent to be due to the 
fact that from young cells lying in reserve processes are developed, 
among which the so-called axons grow out in, among other regions, 
the roots of the nerves and the peripheral nerves. Probably the 
young cell material in the spinal _cord comes from undifferentiated 
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cells in the ependyma and that in the spinal ganglia from undiffe- 
rentiated cells among the capsular cells. These cells increase during 
their differentiation into ganglion cells, among others, partly by means 
of mitotie division and as far as I can see from my preparations 
also partly by means of amitotie division. This post-embryonie 
increase in the number of the cell-material is greater during the 
first month of post-embryonic life, but seems to continue afterwards 
as well. It is only during the first month of the post-embryonal 
life of the individual that one sees mitoses in these cells, but even 
during its continued life cell-division seems to occur; it then takes 
place amitotically. These new ganglion cells that have arisen by 
mitotice or amitotie division seem to develop into neurones, which 
not only replace older neurones that have been destroyed by 
degeneration (Paranıno), but also help to increase the absolute number 
of neurones. 

Figures of growth for- the axons have been shown morphologically 
in the dorsal and ventral roots of the lumbar nerves of a 17 days 
old dog‘). These figures of growth have been, among various other 
shapes, claviform — thus under completely physiological conditions 
the same shape is found for the figures of growth of the axons as 
is usually found in experimentally produced regeneration of periphe- 
ral nerves. 


Addendum. 


It seems as if the post-embryonal increase in the neurones can 
be effected by external influences. Thus, for instance, it has appeared 
that in growing animals (among others Mus musculus var. 
albus) the increase in the number of axons can be intensified 
by suitably adapted and gradually increased training. If, on the 
other hand, the training has been made too intense, quite & 
contrary result is obtained — the number of axons has been found 
to be relatively less in these animals than in the controlling animals. 
During my continued investigations of this problem I have succeeded 
in showing, in, among other animals, a 3,5 year old dog, nuınerous 
transitional stages from indifferent cells — as large as small capsular 
cells — to fully developed ganglion cells. These different transitional 
stages have been examined with regard to the position, size, off- 
shoots and neuro-fibrillar structure of the cells. These questions will 
be dealt with more fully in a later and more complete account. 


1) This is the oldest animal that I have investigated so far with regard to this. 


Chemistry. — “Catalysis. (Part VI). Temperature coeffieients of 
heterogeneous reactions.” By Nır, Ratan Duar. (Communicated 


by Prof. Ernst CoHEn). 


(Communicated in the meeting of February 22, 1919). 


In foregoing papers'), the temperature coefficients of catalysed 
and uncatalysed reactions in a homogeneous medium have been 
studied. It has been shown that a positive catalyst produces a lower- 
ing in the value of the temperature coefficient of the reaction, the 
reverse is the case with a negative catalyst. It was also proved that 
the higher the order of a reaction, the smaller is the temperature 
coeffieient. 

The öbject of this paper is to discuss the experimental researches 
and find, if possible, similar relations in the domain of heterogen- 
eous reactions. 

In order to make clear the question of the temperature coefficients 
of heterogeneous reactions, it is necessary to indicate briefly their 
characteristics. 

In a reaction between a liquid and a solid, according to the 
diffusion theory of reaction velocity a thin layer of liquid adhering 
to the solid remains unaffected by stirring and the reaction is main- 
tained by the transport of dissolved substances across this layer of 
diffusion. Moreover, it is assumed that at the boundary surface 
between two phases, the velocity of the chemical reaction is extreme- 
Iy high. When the diffusion is sufficiently slow compared with the 
other stages of the reaction the veloeity of the whole reaction will 
be determined by the rate of diffusion alone, 

This theory was ürst proposed by Noyts and Whey: ) “ some 
special cases, but its general applicability to various types of hetero- 
geneous reactions was indicated by Nurnst and BRUNNER’), and has 
since been accepted by several investigators as giving the best ex- ° 
planation of facts in heterogeneous systems. | 

On the other hand, the general applicability of the diffusion theory 


!) Jour. chem. soc. 1917, 11l, 707; Annales de chimie, 1919. 
2) Zeit. Phys. Chem. 1897, 23, 689. 
3) ibid. 1904, 47, 52, 56. 
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was contested by Erıcson-Aurkn and PALMaeRr !), TAMmMann °), Marc ®), 
SENTER *), WILDERMANN °) etc. 

Since, according to the diffusion theory, in chemical reactions 
whieh occeur merely at the boundary between two phases, the 
phenomenon is essentially one of diffusion, it is useless to try and 
determine the order of reactions from the rate at which they proceed ; 
this method of argument is only applicable, according to kinetie 
considerations to the probablity of collisions in homogeneous systems 
and loses its significanee when applied to heterogeneous systems. 
Moreover, if the velocity is controlled by a diffusion process, one 
will get a coeffieient of the velocity similar to that for a uni-molecular 
reaction and the coeffieient will be independent of the actual order 
of the more rapid chemical reaction, which accompanies the process. 
Consequently it is impossible to establish a relation between the order 
of a reaction and its temperature coefficient in heterogeneous systems. 


(a) Temperature coefficients of uncatalysed reactions. 


Another consequence of the diffusion theory is that the tempera- 
ture coeffieient for an elevation of 10° should be of the order 1.3i.e. 
of the same order of magnitude as the temperature coefficient of 
diffusion (compare OHöLm ')). We shall now see if experimental 
results confirm this inference from the diffusion theory. The following 
is the summary of results. (See table 1 next page). 

These results support the diffusion theory of reaction velocity in 
heterogeneous medium. In this connection it is interesting to observe 
that elevation of temperature up to a certain limit is found to be 
without influence on the decomposition of some aleoholie compounds 
by sodium amalgam (LÖWENHERZ, Zeit. Phys. Chem. 1900, 32, 480; 
1902, 40, 400) and on the velocity of dissolution of Casein in 
alkalies (RoBerrtson, Jour. Phys. chem. 1910, 14, 377). 

On the other hand, the following summary of results shows that 
the eonelusion as to the effect of temperature, is not corroborated 
in these cases. (See table 2 next page). 

It has already been pointed out that veloeities of diffusion only 
determine the rate of reaction when no other processes interfere 
and specially when no slow processes, taking place in the homogen- 


1) Zeit. Phys Chem. 1906, 56, 689. 
2) ibid. 1910, 69, 257. 

8) ibid. 1908, 61, 385; 1909, 67, 470. 
4, Jour. Phys. Chem. 1905, 9, 311. 

5) Zeit. Phys. Chem. 1909, 66, 445. 
6) ibid. 1905, 50, 309; 1910, 70, 385. 
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BosELLI (loc. cit.) 


TABLE 1. 
#110 
Reaction. Reference. | 1 38 
(1) CaCO; + HCI ' Spring (Zeit. Phys. Chem., 1887, 1, 200) | 1.5 
(2) Metals + acids ı VeLEy (Journ. chem. soc. 1889, 55, 361) 1324 
(3) „ Erıcson- AurREN(Zeit.anorg.Chem.1901,27,209) 1.1 
(4) Solution of CaSO,. 2 BRUNER and ToLLoczKo (Zeit. Phys. Chem. 1.5 
in water 1900, 35, 283) 
(5) Various reactions | U Beinnter (Zeit. Phys. Chem. 1904, 47, 6) 1:3 
(6) Evaporation of water JaBLCZYNsKı(Jour. chim. Phys. 1912,10, 241) 1.1 
(7) Cu and NH,OH YaMASAKI (Th Inter. Cong. App. Chem. 1.15 
| 1909, Sec. X, 172) 
(8) O, and pyrogallates ; / 
Ö, and haemaglobin | on (J. Chim. Phys. 1911, 9, 689; 1912, | 
CO and - „ | 2 
(9) Halogens and metals Van NamE ‘and his associates (Amer. J. 1.28 
Chromic acid and metals Science 1910 [4], 237; 1916 [4], 42, 301; 
Ferric salts and metals 1917 [4] 43, 449) 
(10) Quinol and O3 EuLER and Borin (Zeit. Physiol. Chem. 1908, 122 
57, 80) 
(11) Dissolution of various WAGNER (Zeit. Phys. Chem. 1910, 71, 401) | about 
salts in water 1.2 
(12) Dissolution of CO, and | Carıson (Medd. K. Nobel Inst. bd 2, NV. 5 1.4 
O, in water 1910). 
(13) Mg and HCl BoNSDORFF (ibid bd. 3, N. 8, 1915) 1.44 
TABLE 2. 
RE Rr 10 
Reaction. Reference. — — 
2 
(1) Dissolution of benzoic | BRUNER and ToLLoczko (loc. cit.) 1.8 
acid in water WILDERMANN (loc. cit.) 
(2) Ni and CO MıTTASscH (Zeit. Phys. Chem. 1902, 40, 1) | 1.53 
(3) Development of photo- | SHEPPARD and MEESs (Proc. Roy.Soc. 1905, 2. 
grapic plates 76, 217) 
(4) Precipitation of AgCl, | JasLczvnskı (Zeit. Phys. Chem. 1913, 82, 2 
AgBr etc. 115) 
(5) Slow oxidation of S BoDENSTEIN and Karo (ibid. 1911, 75, 30) 1.87 
(6) H, and KMnO, Just and Kaukxo (ibid. 1911, 76, 601 ; 1913, Du 
CO and KMnO, 8, 71 
(7) Velocity of absorption F 
REUNDLICH and assotiates (ibid. 1913, 85 a) 4 
reversal of (a) HgS 660; 1915, 89, 147) ‚ 3 E 
(d) S 
(8) Ferrous salts and oxygen Mc. Baın (Journ. Phys. Chem. 1901, 5, 623) 2m 
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eous phase is connected with the progress of the reaction. It seems 
probable, that in the examples of reactions eited in Table 2, the 
changes concerned are »eal chemical reactions rather than diffusion 
processes. For these reactions it would be interesting to find out a 
relation between their orders and their temperature coeffieients, but 
unfortunately no experimental. work in this direction is available. 


(6) Temperature coefficients of catalysed reactions. 


We shall now consider the temperature coefficients of reactions 
catalysed heterogeneously. The following is the summary of import- 
ant reactions investigated up till now: 


TABLE 3. 


Reaction. Reference. ep 


(1) Decomposition of H,O, | SENTER, Zeit. Phys. Chem. 1903, 44, 257 1.7 


by catalase (blood) | 


(2) Decomposition of H,O, | BREDIG and his pupils, ibid 1899, 31, 258, 
by colloidal Au, Pt, Iretc. a, 37, 1, 323; 1901, 38, 122; 1909, 
5 | 
’ 


(3) Decomposition of H,O; | Mc. InTosH, Jour. Phys. Chem. 1902, 6, 15 3 
by colloidal Ag | | 
| 


Ir 
[o>} 


MARK. DisserT. Heidelberg 1907 2 


(4) Decomposition of H,O; | 
by colloidal MnO, | 

(5) Hydrogenationin presence ZALkınD and PITCHTSCHIKOFF, J. Russ. Phys. 1.15 
of colloidal Pd Chem. Soc. 1914, 46, 1527 

(6) Oxydation of NaH,PO, by SIEVERTS and PETERS, Zeit. Phys. Chem. 2 


| 
| 

colloidal Pd or Pd black | 1916, 91, 199 
| 


(7) Reduction of methylene | BREDIG and SOMMER, ibid 1910, 70, 34 2 
blue by H.COOH in pres- 


ence of colloidal metals 


(8) Decomposition of (a) | BLACKADDER, ibid 1913, 81, 385 (a) 2 
H.COOH and (5)H.COONa | 
inpresenceofcolloidalRh 


— 
SS 
—_— 
D 
oa 


(9) Oxydation of phenylthio- FREUNDLICH and BJERCKE, ibid 1916, 91, 1 MIORS RE. 
carbamide in presence of 
blood charcoal 


(10) Oxydation of oxalic acid WARBURG, Pflüg. Arch. 1914, 155, 547 2.1 
in presence of blood char- 
coal | | 

(11) Enzyme actions ' Generally higher than I A 


The following table shows the summary of results obtained with 
catalysts in the solid state: 
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TABLE 4. 
> | Rt+10 
Reaction. Reference. a 


(1) Decomposition of ozone | PERMAN and GREAVES (Proc. Roy. Soc. | about 


| 1908, 80 A, 353) 12 
2) SO,+0—SO; 1.36 
Da BoDEnsTtein and his pupils(Zeit. Phys. Chem. 1.40 
(3) CO +0—>CO 1903, 46, 725; 1905, ne G NR, 0, 1 De 

I "46; 1911, 75,.30; 1912, 80, Zeit. e 
ah Far Elektrochem. 1905, 11, 373; Festschrift ' er 
(5) NH3 —N-+3H \ W. NeERNST, 1912, p. 99. 1.10 
(6) H,—-0 —HO | | Baht: 
(7) Decomposition of H,O; BREDIGAND TELETOFF (Zeit. Elektrochem 1428 


1906, 12, 581) | 
(8) Cr +- H'—Cr"+H JABLCZYNsKI (Zeit. Phys. Chem. 1908, 64, 748) | 1.29 


(9) Ti + H—Ti""+H | Dennam (ibid 1910, 72, 641) 1.29 


It will be seen at once on glancing at the two foregoing tables 
that in the reactions catalysed by solids (with the exception of blood 
charcoal) the temperature coefficient is about 1.3 i.e. of tlıe same 
order as that for diffusion; whilst in ihe case of reactions catalysed 
by colloidal metals and enzymes the temperature coefflieient is about 
2 i.e. of the same order as that of an ordinary chemical reaction in 
homogeneous medium. How is this difference to be explained? With 
catalysts, which cause reaction between the substances in question 
to take place with practieally infinite velocity, the actual rate of 
reaction will be determined solely by the velocity with which the 
reacting substances diffuse to the surface of the catalyst; whether 
such a catalyst exists, must of course be determined separately for 
every case. 

Adsorption is now considered to be an exceedingly rapid process. 
If the reacting substances were brought to the surface of the catalyst 
by capillary forces, the temperature coeffiecient would ceorrespond to 
that of the slower process, namely, the chemical change involved. 
If, on the otlier hand, the reacting substances are brought to the 
surface by the slow process of diffusion, then the measured veloecity 
would be that of a diffusion process and the temperature coeffieient 
would be of the order of 1.3, which we have seen in the case when 
solid catalysts are used. To account for the high temperature coef- 
fieient in the case of reactions catalysed by colloidal substances and 
enzymes, one might suppose that the Brownian movement of these 
particles acted as very efficient stirring in such a way that the 
diffusion layer was removed as fast as it was formed, with the 
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result that the homogeneous chemical reaction in the adsorbed layer 
is the real process of which we determine the temperature coefficient. 

Now it is interesting {to observe that Baepıe and TkLErorr (Zeit. 
Elektrochem. 1906, 12, 583) have calculated the thickness of the 
diffusion layer from the Nkanst diffusion expression (Zeit. Phys. Chem. 
1888, 2, 634), utilising the data obtained from the decomposition 
of hydrogen peroxide in presence of colloidal platinum and found 
the thickness to be 0.05 mm. i.e. of the same order as BRUNNER 
found in the case of the dissolution of benzoie acid in water. This 
seems to show that in spite of the Brownian movement the diffusion 
layer remains unchanged. If this is true, the above explanation of 
the high’ temperature coefficient in the case of colloids and enzymes 
breaks down. Moreover, on this point of view, the high values of 
the temperature coeffiecient obtained in the oxidations of oxalie acid 
and phenylthiocarbamide in presence of the solid catalyst blood- 
charcoal, remain entirely unexplained. 

Looking at the whole problem, it seems probable that in some 
cases the slow chemical change affeets the velocity of the total 
reaction, whilst in other cases, diffusion plays the most important 
role and it is desirable to investigate fully the kineties of each 
individual case. 

Certainly much light would be thrown on the whole question if 
we can study the kineties and temperature coefficients of one and 
the same reaction withont any catalyst and in presence of both 
homogeneous and heterogeneous catalysts. "The velocity of decom- 
position of hydrogen peroxide, for example, may be investigated at 
various temperatures (l) without any catalyst and (2) in presence 
of iodides or any other substance soluble in water (compare BREDIG 
and Warron. Zeit. Phys. Chem. 1904, 47, 185) and (3) in presence 
of eolloidal metals, MnO,, charcoal, solid metals etc. 


Laboratoire de Chimie Minerale, Sorbonne, Paris. 
Imperial College of Science. London SR 
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Chemistry. — “The heterocinnamic acids of ERr1.ENMEIIER Jr.” By 
A. W. K. pE Jones, corresponding member at Buitenzorg. 
(Communicated by Prof. P. van RoMBURGH.) 


(Communicated in the meeting of 28 Dec. 1918). 


Besides the storax cinnamic acids there are, according to ERLEN- 
MEYER Jr., two other normal cinnamie acids, the heterocinnamie 
acids, which were separated from synthetie einuamie acid. 

ERLENMEYER asserts that the difference between storax- and hetero- 
einnamie acid consists solely in the different mode of cerystallisation 
of these acids from etber. He says:') “Wie ich schon in der ersten 
Abhandlung erwähnt habe, steht bei der Bearbeitung der Zimtsäuren 
als einziges brauchbares Unterscheidungsmerkmal die verschiedene 
Krystallisationsart der Storaxzimtsäure und der synthetischen Zimtsäure 
aus Aether zur Verfügung. Mit Hilfe dieses allerdings ungewöhnlichen 
Unterscheidungsmittels gelang es, zu zeigen, dass die synthetische 
Zimtsäure nach verschiedenen mitgeteilten Methoden in zwei unter 
einander und von der synthetischen Säure verschiedene Säuren, die 
Storaxsäure und die Heterosäure, zerlegt werden kann, welche bei 
der Analyse einen Unterschied in der Zusammensetzung nicht erkennen 
liessen,” while on page :502, loc. cit., he writes: ‘“Begnügt man sich 
damit, beide Säuren aus Wasser zu krystallisieren und die Schmelz- 
punkte zu bestimmen, so wird man keinen so wesentlichen Unterschied 
wahrnehmen, dass die Annahme einer prinzipiellen Verschiedenheit 
berechtigt erschiene. Ganz anders aber, wenn man die beiden Säuren 
in Aether löst und diese Lösungen langsam verdunsten lässt. Aus 
der aetherischen Lösung der Storaxsäure erhält man so ohne Mühe 
wasserklare, dicktaflige, gut ausgebildete Krystalle, welche mehrere 
Zentimeter gross und über 2 mm. dick werden können; aus der 
aetherischen Lösung der reinen synthetischen Zimtsäure dagegen 
krystallisieren unter genau den gleichen Bedingungen Aggregate von 
über einander geschichteten, mit einander verwachsenen, äusserst 
dünnen Lamellen, welche meist keine geradlinigen Umgrenzungslinien 
erkennen lassen.” “An demselben Thermometer beobachtet, schmilzt 


I) Ber. 42, 2649. 
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die synthetische Säure bei 132—133°, die Storaxsäure bei 134—135°.!)” 

It was shown by Rımer and GoLDscHMIDT?) that the differences 
between the synthetie and storaxeinnamie acid observed by ERLENMEYER, 
can easily be attributed to impurities in the synthetie acid, since 
the mode of cerystallisation of einnamie acid is strongly influenced 
by traces of other acids such as ehlor- or nitro-einnamie acids. They 
found that commercial synthetie einnamie acid contained chlor- 
einnamie acid as an impurity. 

To this ErLENMErTER*) answered that even synthetie cinnamie acid 
prepared from pure, well erystallised storaxeinnamie acid by dis- 
solving in alkali, oxidising with permanganate to benzaldehyde, and 
then from this preparing the acid by the Prrktx synthesis, exhibits 
the same peculiar erystalline form. 

In spite of this answer, a study of ErLEnMEYER’s papers leads to 
the eonelusion that heteroeinnamie acid is not a pure substance, and 
that the difference from ordinary einnamie acid found by him must 
be referred to some impurity. 

According to ERLENMEYER*) both synthetie and heterocinnamie acids 
can be transformed, although with a 10°/, loss, into storaxeinnamie 
acid by heating their colourless aqueous solutions with animal char- 
coal. Also repeated sublimation °) brings about the transformation of 
heteroeinnamiec into storaxeinnamie acid. He also succeeded by frac- 


\ 


tional precipitation®) of the sodium salt of synthetie einnamie acid in 
easily separating 90°/, as storaxeinnamie acid, whereas synthetie 
einnamie acid should consist of storaxeinnamie acid to the amonnt 
of 50 °/,.”) He says then: °®) 

«])a die Heterozimtsäure, trotz der Gewinnung von Storaxzimt- 
säure aus ihr, in ihren Eigenschaften unverändert bleibt, kann man 
nieht anders annehmen, als dass bei dem fortgesetzten Fraktionier- 
ungsverfahren ein. allmählicher Uebergang von Hetero- in Storax- 
zimtsäure stattfindet”. 

In his detailed papers no indication is given of the method which 
'he used for the preparation of pure cinnamic acid for his investi- 


ı) Further particulars of the crystalline forms are given in Biochem. Zeitschr. 
34, 366 and in Ber. 42, 507. 

2) Ber. 43, 453. 

3) Ber. 43, 955. 

4) Ber. 43, 1076. 

5) Ber. 42, 2658. 

6) Bioch. Zeitschr. 34, 423. 

7) Bioch. Zeitschr. 34, 425. 


8) Ibidem 424. 
68* 
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gations. Evidently he assumes that well erystallised storaxeinnamic 
acid!) can contain not even minimal amounts of impurities. Here, 
however, it is a question of traces of impurity, seeing that so small 
a quantity as 1°/, of p-chlorocinnamie acid can so influence the 
ervstallisation of storaxeinnamie acid that it shows a perfect resem- 
blance to the synthetie acid, ”) while only 0.3 °/, of o-nitroeinnamie 
acid was necessary to produce the same effect. °’) If the impurity 
occurs in smaller amount, it is possible that its effect on the 
erystalline form is not observed. The reason why ERI.ENMEYER was 
always able to prepare so-called synthetic cinnamie acid from 
einnamie acid derived from various sources must thus be looked for 
in the impurity of the materials used. Whether or not this impurity 
was the same in all cases may for the present be left out of 
consideration. It must, however, have been a substance which on 
oxidation gives an aldehyde from which by the PERrKIN reaction a 
substituted einnamic acid is formed. In the oxidation with permanganate 
the benzaldehyde has relatively the better chance of being oxidised 
to benzoie acid than the aldehyde impurity, which oceurs only in 
traces, since, the vapour present being generally unsaturated with 
respect to the latter, the impurity is more quickly removed from 
the liquid reaction mixture. The amount of the impurity in the 
benzaldehyde will thus be greater than in the einnanıie acid originally 
used. In the Perkın synthesis, according to the researches of 
ERLENMEYER himself, the aldehyde impurity is more completely 
transformed into the substituted einnamie acid than the benzaldehyde, 
since the einnamic acid obtained was the so-called synthetie acid, 
while fine erystals of storaxeinnamie acid were deposited from the 
residual benzaldehyde. The cumulative result of these eireumstances 
should be that the amount of the impurity is increased, and its effeet 
in modifying the erystalline form rendered perceptible. 

It seemed to me thus necessary to ascertain whether synthetie 
einnamie acid can in fact be prepared from pure einnamie acid in 
the way indicated by ERLENMRYER, and if the produet has the 
properties observed by him. 


Preparation of pure cinnamie acid. 


As raw material the ethereal oil extracted from the roots of 
Alpinia malaccensis was used. This consists, according to the researches 


!) Ber. 43, 957. He speaks here of “25 gr. der als einheitlich anerkannten 
Storaxzimtsäure”, 


?2) RıIBER and GOLDSCHMIDT Ber. 43, 460 and Biochem. Zeitschr. 34, 406. 
s) Ber. 48, 461. 


1051 


of van RomBursH, ') mostly of the methyl ester of cinnamie acid. 
ERLENMEYER ?) states that on treatment with ether the einnamie acid 
prepared from Alpinia gave crystals on the sides of the beaker 
which resembled the synthetic acid, while on the bottom beautiful 
cerystals of «-storaxcinnamie acid were formed. 

The ethereal oil was saponitied, the solution extracted three times 
with light petroleum, and the acid precipitated, filtered, and washed. 
On oxidation with potassium permanganate the mixture foamed up 
vigorously so that the distillation had to be continually interrupted 
in order to avoid frothing over, although the flask was sufficiently 
large. For this reason the yield was very poor. In order to purify 
it, the acid was therefore dissolved by heating in sodium carbonate 
solution. On cooling the solution was extracted three times with 
light petroleum, and the acid again preeipitated. This product gave 
no frothing on oxidation with potassium permanganate. Cinnamie 
acid prepared by the Pkrkın synthesis separates out, according to 
ERLENMEYER ?), after treatment with ether in characteristically developed 
cerystals of «-cinnamie acid, which exhibited no perceptible difference 
from the original acid. 

The einnamie acid was then dissolved in caustie soda solution in 
just suffieient quantity of the latter, so that 1 gr. of the 9 gr. acid 
present remained unneutralised *). The solution was tben well boiled, 
and the acid separated completely by shaking after cooling. From 
solution in ether the acid cerystallised in large flat plates which 
differed from the original acid in their size and thinness. Hetero- 
einnamie acid, which, according to ERLENMEYER, should result from 
this procedure, was not obtained. The erystals did not correspond 
with those of the so-called synthetie einnamie acid, since the edges 
were straight and the angles well formed. They approximated closely 
to them, however, and showed also iridescence. 

The possibility was not exeluded that the difference from the 
‚naturally oceurring acid was due to an impurity in the einnamic 
acid used. For this reason 1 have subjected the substance to different 
processes of purification, which may be briefly indicated in the 
following. 


Purification of the methylester by erystallisation. 
For this purpose more than 5 kilos of the ethereal oil were taken 


1) These Proceedings, April 1898. 
2) Ber. 39, 1581. 
3) Biochem. Zeitschr. 34, 406. In place of beakers ErLenmever used flasks. 


s, Ber. 42, 519, 
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from which, merely by allowing to stand, a large portion of the 
ester separated out in cerystals. It was purified by melting and by 
allowing it to recıystallise slowly at the prevailing (SmperanZ 
(about 25—30°%). The portion which still remained liquid after 24 
hours was removed by draining. This procedure was repeated until 
the ester solidified entirely within 24 hours. Its melting point mea- 
sured on an Anschütz thermometer placed in the substance was 
34° (a trace of water was present). 

From 28 gr. of this ester a yield of 7.7. gr. Of benzaldehyde was 
obtained, which gave 4.25 gr. of cinnamie acid, while more than 
3 gr. of benzaldelıyde were separated which had not taken part in 
the reaction‘). Only 17°/, of the quantity of einnamie acid used is 
thus recovered as synthetie product. The synthetie acid was reerys- 
tallised from boiling water to free it from a small amount of brown 
impurity. On treatment with either well developed crystals of a-cin- 
namic acid were obtained with straight edges and sharp angles. 
The product, like the acid previously obtained, showed none of tlıe 
properties which ERrLENMEYER ascribes to the so-called synthetie 
einnamie acid. 

16 gr. of synthetic product were then prepared from the ester 
by ERTENMEYER’S method, and from this 1 gr. was separated by 
dissolving in an insufficient quantity of a boiling solution of caustie 
soda. This last product erystallized from ether in thin transparent 
superposed glittering plates showing iridescence. Of these several had 
curved edges. From benzene solution large thin plates with partly 
curved edges separated out which under the influence of light gave 
e-truxillie acid. On cooling the hot petrol solution locally small 
curved needles were obtained, which on exposure to light were trans- 
formed into P-truxillie acid. The properties of the first portion agree 
with those of synthetie einnamie acid as given by ERLENMEYER, 
whereas, according to the method of preparation, heteroeinnamie 
acıd should have resulted. 

That in this case so-called synthetic einnamie acid was obtained, 
while the original oil treated in the same way gave a product in 
which these properties were not yet fully developed, must probably 
be attributed to the quantities of the einnamie acid used, 9 gr. and 
16 gr., from which the first fraetions were prepared. 

It may also be pointed out that so-called synthetie einnamie acid 
apparently oceurs in two forms, an a- and a &-form. This fact is 
not mentioned by ERLENMEYER. 


!) These figures are the means of eight preparations. 
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A further purification of the ester by erystallisation was under- 
taken. A large vessel full of water was placed in ahay box. When 
the ester was placed in the water its temperature was 36° and after 
24 hours, 32°. After repeated crystallisations the melting point of 
the ester was 34°.8—34°.9. The determination was made by heating 
the ester in a testtube ‚provided with an air-jacket in a bath at 45°. 
A thermometer reading to '/, of a degree was placed in the sub- 
stance, and the readings plotted on a curve. 

The following temperatures are given as the melting-point of this 
ester: 33°), 36°?) near 36°°), 34°%), while ScHhimmeL and Co. found 
36° for. the ester from Wartara-oil, and 34° -35° for their own 
preparations°). From this ester 16.5 gr. synthetie einnamie acid was 
prepared according to ErLENMRYER. The first portion separated from 
the solution of the sodium salt; about 1 gr., was found on testing 
with ether to be ErLENMEYER’s synthetic cinnamie acid. 


Purification of einnamie acid by erystallisation from water. 

200 gr. einnamie acid prepared from the roots of Alpinia Malac- 
censis, was dissolved by boiling in about 16 litres of water. On the 
following day the erystallised acid was filtered offand again dissolved 
in 16 litres of water. This procedure was repeated ten times. The 
quantity of einnamie acid had then been reduced to about 40 gr. 
20 gr. of this product was then recrystallised four times from water 
and from the final product synthetic cinnamice acid was prepared 
by the method indiecated by ERLENMEYER. 

From 17 gr. of the synthetic acid the first fraetion, about 101, 
was separated and was deposited from ether in well formed thin 
plates of einnamic acid. These were larger and thinner than those 
given by the original acid and were to some extent superposed. 
Curved edges were not shown. The substance was thus not identical 
with so-called synthetic einnamie acid according to ERLENMEYER. 


Purification of einnamie acid by crystallisation from 96 "/, alcohol. 
860 gr. einnamie acid, separated from the ethereal oil was dis- 
solved in 1720 e.e. hot alcohol, and after filtration the solution was 
made to erystallise by cooling and stirring. In this way a mass of 


1) AnscHürz and KINnNIcUTT, Ber. 11, 1220. 

2) WEGER, Ann. 221, 74. 

3) van ROMBURGBR, |. c. 

4) Urr£e, Mededeeling v. h. Alg. Proefstation at Salatiga II, N. 45. 
5) GILDEMEISTER and HOFFMANN, Die aeth. Oele, 2e Aufl. I, 522. 
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very small erystals was obtained, which, when filtered off and waslıed 
with alcohol, gave 241 gr. of cinnamie acid. The product was 
recrystallized once more in the same way. The synthetic acid pre- 
pared fron this gave a first fraction of 1 gr. from 13.5 gr., which 
was unmistakably ErLenweyer’s so-called synthetie acid. 

It appears therefore from this investigation that the heterocinna- 
mic acids of ErLenmeyEr JR. are not obtained by the method 
described by him from pure einnamie acid. Their formation is to 
be ascribed to an impurity in the einnamie acid which he used. 

The heterocinnamie acids are therefore not pure chemical compounds. 

A remark on the reaction of BEıLsTEIn may be made herer ErLEN- 
MEYER makes the following statement:') “Es mag hier darauf hinge- 
wiesen werden, dass selbst die best krystallisierte Storaxzimtsäure, 
welche bei der Prüfung mit Soda und Salpeter sieh chlorfrei erweist, 
init der Kupferoxydperle in der Flamme des Bunsen-Brenners erhitzt, 
dieser eine intensiv grüne Färbung zu verleihen vermag.” 

I have also found that einnamic acid, by whatever method it was 
purified, always gave Beirstein’s reaction, altıongh only faintly. 

The methylester, even the unpurified substance, gave no coloured 
flame reaction when heated with copper oxide. The copper salt is, 
lowever, quickly formed by heating einnamie acid and copperoxide, 
- and the same salt, prepared from an alkaline solution of the ammo- 
nium salt by precipitation with copper sulphate, gave the reaction 
more distinetly than the free acid. 

According to ERLENMEYER Jr., pure copper carbonate also gives 
the reaction. Possibly the BkILsTeın reaction is more sensitive for 
acids than for neutral substances or altogether inapplicable in the 
case Of most acids. In the meanfime no conelusion can be arrived 
at since the possibility of the presence of impurity, even in small 
quantity, in the einnamic acid used by me is not excluded. 

Buitenzorg, August 1918. 


!) Ber. 43, 956 note. 


Chemistry. — “On Metastable Unmixing. and the Classification of 
Binary Systems.” By Prof. F. E. C. Scherrer. (Communicated 
by Prof. Bökseken). 


(Communicated in the meeting of January 25, 1919). 


1. In the recently published work on systems with two liquid 
phases Büchner discusses in $4 the different spacial figures of systems 
in which besides two liquid layers there also occur compounds. ') 
He successively discusses there the systems with quadruple points 
VL, Z,@G (V = componnd), and those which present analogy in 
behaviour with the system diphenylamine-carbonie acid, which was 
closely examined by Büchner. 

In my recently published paper on the phenyl- and tolyl-carba- 
minie acids’) I have pointed out tkat the systems aniline, resp. 
toluidine-carbonie acid belong to the category first discussed by 
Büchner, and that with a suitable choice of the homologues of 
aniline a transition can appear in the second case discussed by 
Büchner. The latter I have, however, indicated as Ihe type sulphur- 
etted hydrogen-ammoniaec. In reference to this the following remarks 
may be made. i 


2. In all the systems in which. a three phase line SZ intersects 
the critical line part of the latter is not stable, and if retardations 
are not possible, it is, therefore, not realizable. This not realizable 
part of the eritical line can be either entirely metastable, or partly 
metastable, partly unstable. Neither possibility can be demonstrated 
directly experimentally. 

In the system ether-anthraquinone examined by Suıts it has always 
been assumed up to now that the critical line has no cusps, and 
that, therefore, no unmixing takes place in the unstable region ee 
it has, however, been assumed in the system diphenylamine-carbonic 
acid examined by Büchner that the eritical line possesses {wo cusp8 
in the unstable region. In the stable region the two systems exhibit, 
however, a perfectly analogous behaviour. The reason to assume that 


1) Bakuuıs RO0ZEBOOM, Heterogene- Gleichgewichte. II 2. (1918) S. 184. et seq. 


2) These Proceedings. 21. 644. (1919). 
5) Baknvıs Roozegoom. Heterogene Gleichgewichte II. 1. (1904). S. 378 et seq. 
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there is no unmixing in one system, whereas metastable unmixing 
is assumed to take place in the other case, lies in the shape of the 
eritieal line in the stable region, in one case it is possible to join 
the two stable parts of the eritical line by a curve with a regular, 
continuous course; in the other case the ceritical line would have to 
present a peculiarly steep course with a strongly pronounced maxi- 
mum. This latter is deemed less probable, and can also be explained 
in a plausible way by the assumption that the eritical line has two 
eusps. I will, however, point out that also metastable unmixing in 
the unstable region is possible for the systeın ether-anthraquinone, 
and that for the system diphenylamine-earbonie acid the metastable 
unmixing has not been proved, but has only been rendered probable. 
Hence a sharp classification of these types of binary systems is 
impossible. 

A similar case is offered by the system sulphuretted hydrogen- 
ammoniac'). In this investigation I have theoretically examined what 
phenomena occur in the stable region when a critical line intersects 
the three phase line V/L@; it was not necessary to consider meta- 
stable unmixing in that case, because it is clear that all the pheno- 
mena in the stable region can be derived from a system without . 
unmixing. When now the experimental results of this research are 
examined, it appears that the critical line, when it does not possess 
cusps in the unstable rigion, must have a very steep course, just as 
that in the system diphenylamine-carbonie acid. (I have expressed 
this graphically in my Thesis for the Doctorate). On the same grounds 
that lead us for the system diphenylamine carbonie acid to the con- 
elusion of the existence of two cusps in the eritical line, the system 
sulphuretted bydrogen-ammoniac may be counted among the systems 
with unmixing. As in my opinion this system would then be the 
most elaborately examined example of such systems, in which besides 
unmixing also a compound occurs, I have indicated the second case 
discussed by Büchner as the type sulphuretted hydrogen-ammoniae 
in the eited paper. 


1 December 1918. Delft. Technical University. 


!) Dissertatie Amsterdam 1909. Zeitschr f. physik. Chem. 71. 214 and 671 (1910). 


Physies. — “Om the Theory of the Brownian Movement. Appendie.” 
By Prof. J. D_ van per-Waars Jr. (Communicated by Prof. 
J. D. van DER Waars). 


(Communicated in the meeting of Jan. 25, 1919). 


In these Proceedings L. S. Ornstein and H. ©. Burger ') advance 
some objections to a theory of the Brownian movement developed 
by me. ?) I will briefly discuss some of them here. 

I. The first rests entirely on a misunderstanding. It refers to a 
caleulation of &—r, — A = the measured deviation of a suspended 
partielle obtained in a certain measured time 1. When determining 
the mean value of this quantity I omit a term with the product °) 


z,w(d), because this mean will be zero. OÖ. and B. think now that 1 
mean that the equation: 

©, w (ft) = 0 NE RL) 
will be valid for every value of i. They justly objeet to this, and 
demonstrate that this would lead to absurd sesults. My meaning was, 
however, that this equation would only hold for times that are 
suffieiently great. It expresses preeisely the same (hing as OÖ. and B. 
indieate in the graphical representation on p. 924 loc. eit., namely that 


— 40) 
w(t) *) for t large again approaches zero. That the times in which 


1) L. S. Orssteın and H. G. Burger. These Proceedings, Vol. XXI, 922. 

2) J. D. van DER Waaurs JR. These Proceedings, Vol. XX, p. 1254. 

3) In this w represents the force that acts on the particle. Equation (1) some- 
what resembles the equation: 

du(t) 

ut == 
dt 
which has been repeatediy used by Miss .SNETHLAGE and me in our considerations 
on the Brownian movement, and is among others derived by differentiating the 
equation $w(t))? = constant with, respect to {. Equations 1 and 2, however, rest 
on very different considerations, and are used in a very different way, SO that we 
should be very careful not to confuse them. 

4) A line over a quantity denotes a mean. When no index is given, the mean 
has been taken over all.the suspended particles. An index as here the «(o) behind 
the line expresses that the mean has been taken over all the partieles which had 
the definite velocity « (0) at the moment Fr! 
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the observed deviations are reached, are large enough to allow us 
to assume the equation for those values of t, is known. From this 
point of view my derivation is, therefore, not open to objection. ') 

Il. A second objection of O. and B. refers to my assertion loc. eit. 
that most probably equation 


ae) una <0 ae 
0 


will be valid. I derive this from the consideration that zu(?) will 
satisfy the condition: 


w(t,) 


tı 


feoa=0 u 


0 


Now O. and B. are going to prove that this is erroneous. For this 
purpose they expand z(f) into a series of Fourier. Now it would 
be thought that the next step they had to take was to examine what 
influence the condition (3) would have on the mean value of the 
eoeflicients of this series. They do not speak, however, about equation 
(3), and do not subjeet the coeffieients to any condition, and they 
then come to the conclusion that Q might just as well be positive 
as negative. Now it is not subject to any doubt that if wi) is not 
subjected to any condition, the sign of Q might be just as well 
+ as —. It does not require an expansion into series according to 
FourIer io prove this. But the influence which condition (3) has on 
this sign, is left entirely unexplained by O. and B. 


!) How greatly Messrs. O. and B. misunderstand my meaning appears in a remar- 
kable way from this that on one side when they think they give my views, they 
repeatedly enunciate theories which are in contradiction with my meaning, but 
that on the other hand when they think they are in contradition with my theory 
drawing the graphical representation in question on page 429 of their paper, they 
in fact but represent in drawing a course of w (140) entirely in agreement with 
what I have communicated about this quantity partly in collaboration with Miss 
SNETHLAGE. 

OÖ. and B. admit that we were right in our contention that this curve begins 


with the value O. That also for large value of ZI assign the value O to w (£) *(0) appears 
from the equation (1) discussed just now. That further for u (0) >O the value of 


wit) “(0 pecomes negative for small value of i has already- been expressed in the 
paper by Miss SnerHLaGk and me on the Brownian movement in the words: At 
the moment itself that the veloeity ıv exists the force is independent of ıw, so on 
an average zero; K,—=0. After some time however a force will act which exhausts 
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When we ınquire into this influence it must be admitted that 
eondition (3) alone does not lead to the negative sign in a mathe- 
matical striet way. 1 only claimed loc. eit. to make it “highly 
plausible’’ that the sign should be negative. 

w(t;) 


If the curve which represents w(£) as function of t, changes its 
sign only once, and therefore, presents a shape of the type of fig. A, 


the velocity. Finally loc eit. p. 1265 the equation oceurs: 


u) 
ng 


feo)a= a 


0 
- which as I indicate there, will be valid for not ioo small values of {, and which 


can hardly be reconciled with the supposition Xp w(t) =0 for every value oft. 
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w(h) 
the sign is certainly negative. But if, as is not exeluded, 200) changes 
its sign more than once, (3) is not sufficient to lead rigorously to 
the negative sign. Possibly this may be shown by the aid of an 
analysis according to Foukikr, but it is simpler to derive this from 
fig. B, where a course of the curve has been drawn which does 
satisfy (3), and yet yields a positive value of Q. Nobody will, 
however, assume a course like that. If the curve presents more 
than one change of sign, it will probably be represented by a 
strongly damped oseillating line of the type of fig. C, in which (he 
fact that it ends with a positive part at o(f) and satisfies condition 
(3), renders the negative sign very probable for Q. 

II. One of the prineipal objections of OÖ. and B. refers to the 
fact that Miss SnerHLack and I repeatedly make use of the three 
equations which must be considered in eönnection with each other, viz.: 

1d8, ul) _ 


— — — t Da ee 
m d REN 
I 22 l 
ee ur constant 28 
M u? (f) 


| “O0... ER 
OÖ. and B. assert that it follows from this that u’ cannot be con- 
stant. When we now examine these equations, we see that (4) means 
d’ 
dt 
(p=a positive ‘constant that has been left undetermined for the 
present). As u is a funetion of £, this sum will also be so, and we 
can 'represent it by g(l). Taken in this way this equation does not 
hold‘ only for a definite moment £=0, as ORrNsTkINn asserts, but of 
course for any moment. It is an ordinary differential equation and 
it can be integrated without diffieulty, though neither from the 
equation itself nor from the integral anything can be derived when 
it is not considered in connection with (5) and (6), which are derived 
as follows. We differentiate u*(f) = constant twice with respeet: to 


t and get then: 
0. (a) =o. er: 


u 
only that we take-— for a definite ‘partiele, and add pu to it 


dt? dt 
As we can differentiate at any moment, also this equation holds, 
of course, for every value of t'). 
If we now multip!y (4) by w(t) (not by cO)!), if we then average, 
!) ORNSTEIN has repeatedly asserted that these equations do not hold for every 


value of L, that (4) is no differential equation, and that it may not be integrated. 
He has, however, never adduced any proof for these assertions. ORNSTEIN and 
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and if we combine the result. with (7) it follows that (6) holds for 
every value of i{, when the value of (5) is assigned to the constant 
p, which had been left undetermined at first. 

Whereas (4) does not teach us anything, and must only be taken 
.as a definition of q, (5) and (6) are a direet eonsequence of W — 
— constant. And if O. and B. should succeed in proving (as they 
pretend they do) that it follows from the complex (4) (5) and (6) 
that u® cannot be constant, they would have done no less than 
proving that the mathematics used are in confliet with the prineipium 
eontradietionis. When their proof is examined, we arrive at another 
conelusion. In the first place they substitute again another equation 


for ours, and write g—=0 (for given u, and «,)'), which must no 


doubt mean that u,g()=0 and u,g() — 0), instead of ua) U, 
as we derived. When averaging the square of u they accordingly 
erroneously omit the terms: 


t 
] ” 
2u, cos(Yp.t) X En 4(9)sin|vpt—-Y)}d9 and 
Pr i 
t 


2% sin (vPp-)X f. (9) sin Vp (t—Y)}d 
vp P. 

They further expand g(f) into a series of Fovrınr and subject the 
coeffieients of this series to the same suppositions as PTANCK intro- 
duced for radiation, though it is very much the question whether 
these suppositions hold here. For though it is true that the two 
curves in a eertain sense are dependent on quantities deterinined 
by chance, yet there are correlations between the g’s at different 
moments, which have influence on the mean values of the FourIkR- 
coefficients, which influence O. and B. have not examined. 

I will not enter into other objeetions of Messrs. O.and B. I think 
that they were already beforehand suffieiently refuted by what I 
wrote loc. eit. In partieular this refers to the objeetion OÖ. and B. 
advance loe. eit. p. 923 to the (apparent) oceurrence of aterm with 


? in A?, for which compare Remark II of my article loc. cit. p. 1265. 


ZERNIKE have, however, rightly proved that the complex of the equations (4), (5), 
and (6) is not valid, when the means are extended over a group of particles which 
at the moment {= 0 have a definite velocity. w(0) — and this is easy to see for 
7 is not constant for such a group — but this cannot be a reason why we 
should not be allowed to use the complex with means over all particles, in which 
case they are valid. 

I) In consequence of a difference in notation they writew=0, p. 928 loc. cit. 


Physics. — “Contribution to the knowledge of the removal of rest- 
gases, especially for the electric vacuum glow-lamp.” By Dr. 
L. HamBURGErR. (Communicated by Prof. Börskken). 


(Gommunicated in the meeting of November 30, 1918). 


$ 1. Remarks on the action of phosphorus in the glow-lamp. 


The account of the investigations made in the end of 1916 that are 
discussed in this paper was already finished June 11 1917. The author postponed 
however the publication until the experiments together with Mrs Horst, LELY 
and OOSTERHUIS (communicated in these proceedings) had been finished. 


1894 already the Italian Manısnanı indicated a “chemical” method 
technically extremely useful, to improve the vacuum of glow-lamps: 
viz. phosphorus.') During the burning of the glow-lamp, gases may 
be liberated by several circumstances, especially in the beginning. 
When a little phosphorus vapour is present, these liberated gases 
will form with it under the influence of the oceurring electrie discharges 
non-volatile compounds which are precipitated on the bulb wall. 
(Comp. L. Hovııevisur)?). As for this purpose quantities of 0,05 mg. 
are already more than suffiecient this preeipitate is not visible, while 
still the vacuum of the lamp has been much improved. 

The action of the phosphorus in the glow-lamp is not very simple. 
The intrieateness of the character of the phenomenon is still increased 
by the way in which the element is introduced into the lamp. 
Usually the filament-support of the glow-lamp is immersed in a very 
fine suspension of phosphorus in alcohol. When it is sealed into the 
glass bulb the filament and part of the supports are therefore 
already covered with the red phosphorus. During the sealing- in 
process hot air eirculates through the bulb, so that it becomes very 
hot. This is accompanied by a partial oxydation. We must therefore 
also consider an eventual action of P,O,. But even, when this action 
is left out of consideration, as will be done in this paper, stil! the 
phosphorus is the cause of several peeuliar reactions, which are 
especially connected with the above mentioned electric discharges, 


3 Marıananı D. R. P. 82076 (1894). Substances as As. S. J. have also been 
advised, without being hardly ever used however. 
?) L. Houtrevisug, Journ. de phys. (5) 5, 525 (1912). 
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which occur at the first burning of the lamp. The results of the 
following investigations state again, that by electric discharges the 
molecules are split up into components of great activity. 

The energy and the velocity, observed in the processes which 
occur then, are astonishing. For the chemist a wide field of invest- 
igation is open here. 

Already phosphorus-vapour, itself, without any other gas is very 
sensible to electrie discharges. When red phosphorus is vaporized 
and condensed again, it is obtained in the “yellow” form. When 
this experiment is made in vacuo, the condensation is greatly retarded, 
and very easily phosphorus gets into the vacuum pump. When 
however on the way to the pump two small platinum wires 
opposite to each other are fixed, between which an electric discharge 
takes place by means of an induectorium, the phosphorus in pre- 
cipitated there quantitatively. (Comp. von Korıschürter and A. 
TRUMKIN). ‘) 


This experiment can be made with small quantities of phosphorus vapour, so 
that the change of colour (green-yellow-red and finally very dark) with Iheincreas- 
ing ihickness of the originally extremely thin layers of the condensate can be observed. 
Also ihe forming of conglomerates in the condensate may be expected now. And 
further the oceurrence of another modification plays of course a great part in these 
changes of colour. 


In the following we will investigate the action between phosphorus 
and different gases under the influence of electric discharges. 
Carbon monozide. Without electrie discharges there is seen of course 
nothing, neither when the reaction vessel is beated. Quite different 
becomes the case, when eleetrie discharges are sent through the 
reaction vessel, while at the same time the whole apparatus is heated 
to such a temperature that the phosphorus is vaporized. Then an 
extremely rapid disappearance of the gas takes place which is shown 
by the rapid decrease of the gas pressure (McLeonp manometer). 
This may be regarded as a confirmation of what has been found 
by the author on another occasion’?) about a reaction between 
nitrogen and carbon monoxide by electric discharges viz. that the CO 
is split up by the discharge. Both on the path of the discharge 
and beside it ihe oxygen has occasion to oxidize the phosphorus or 
the liberated carbon. Where in the experiment an excess of phos- 
phorous is introduced in vaporous state it is easy to say which of 
the two will be chosen by the oxygen. 


ı) V. KoHLSCHÜTTER and '[RUMKIN, Zeitschr. f. Electrochem. 20, 110 (1914). 
2) L. HAMBURGER, Chem. Weekbl. 15, 938—940 (1918). 
69 


Proceedings Royal Acad. Amsterdam. Vol. XXl. 
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The objection might be made that the splitting up of the CO 
under tlie influence of electric discharge is accompanied already by 
a deerease of volume and that e.g. when Pt-electrodes are used, the 
metal film formed by disintegration oceludes also gases. This is 
true and we have controlled it experimentally. Still there is an 
enormous difference in the veloceity with which the gases are 
fixed when phosphorus is present or not. 

We have also investigated more closely the behaviour of phos- 
phorus with respect to nitrogen and Aydrogen and found quite 
analogous phenomena. We must-only draw the attention to the fact 
that the platinum disintegrated by the discharge can ocelude relatively 
large quantities of hydrogen, so that in this case already without 
phosphorus a rapid decrease of the gas pressure will be observed. 

In fig. 1 we have represented our measurements graphically. The 
ordinary lines represent the decrease of the gas pressure when 
phosphorus is present, the dotted ones show the behaviour when 
this agent is absent. 


ig. 3- 


ELSE 


Ö 


Fig. 1 elearly shows, that phosphorus can practically fix all gases very rapidly 
when ‚glow-discharges are used. In this respect its aclion surpasses even that of 
potassium, the phosphorus being able to fix even metal vapours. Moreover it is of 
course easier to work witlı red phosphorus than with potassium. In fig. 2 three 
spectrograms are given: the first one shows the spectrum of air, the second one 
that of a mixture of argon and nitrogen, with 12%, nitrogen. In the discharge 
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by means of an induction coil the nitrogen band speetrum dominates here also. 
The third spectrogram however represents the light emission of such an argon 


ll | 


I II 
HH 


Fig. 2. 


nitrogen gasmixlure, when it has been exposed to the action of phosphorus (by 
means of glow discharges) We see, that then the. argon line spectrum is observed 
(in this speetrogram the wavelength scale has not quite the right place). From this 
we may draw the conclusion, that such glow-discharges in P vapour enable us at 
the same time to analyze in a simple way mixtures of Ar—N.. 

Also in the case of the nitrogen fixation by phosphorus we must imagine the 
gas molecules to be first split up into atoms by the discharges, which atoms can 
combine afterwards with the phosphorus. 

This is quite in, correspondence with what R. J. Strurr has found viz. that 
“Juminous” atomie nitrogen can directly be bound by phoshorus. !) 


This can make. clear to us why phosphorus in a glow-lamp is 
such a strong means to remove rest gases. Also the binding of water 
vapour by the phosphorus is very well observable in the glow-lamp. 
Unless very many precautions are taken during the evacuation of the 
heated lamp, it blackens much more rapidly without phosphorus 
than with this agent. It will be well-known that a trace of water 
vapour highly accelerates the desintegration of the tungsten filament, 
by which process the glass wall is coloured dark. That really 
the removal of the water vapour is the cause of the improvement 
is eonfirmed by the result found when lamps without phosphorus 
and with water vapour are used immersed in liquid air: no abnormal 
blackening is then observed. 


$ 2. On the applications of silicates. 


A. Action of the silicates. 
The ‘author has found, that when the filament is covered with 


1) R. J. Srrurr. Proc. of the Roy London Soc. A. 85, 219, (1911). 
69* 
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silicales e.g. with glass in pulverous state instead of with phosphorus, 
the same action may be attained with greater security. The silicates 
may be applied in the same way as the phosphorus. 

Several kinds of glass can be used e.g. Bohemian glass, Jena, 
Thuringian-, lead-glass etc. In table I the analyses of some of the , 
kinds of glass that were used are given. 


TABLE 1. 

SiO, 68.9 67.7 | a5 | | ne 18.4 | 62.3 
Na,0 10.7 3.8 8.65 | 0.15 | 11.2 1.6 | 12 
K,O 8.2 2.5 0.095 8.2 0.8 5.0 
Cao 6.2 13 a An 9.8 2 | 01 
BO. | — 10.2 a a EL. 
B,0; = 5 he 50a = Ne 
Fe,0; trace _ - | 2.4 | - N | Br 
Al,O; _ - | on \ 

ZnO — —_ | 2.9 1.0 a et se 
Sb,0; 2 = Di 8 =. Ri 
PbO = = - _ | - | + 23.0 

| 


B. Closer investigations. 

What is the explanation of the action of these silicates? In order 
{o learn something abont this the reaction between WW and glass 
in the glow-lamp was investigated. The first experiment that suggested 
itself was the following: Take a tungsten lamp with a thick wire 
and cover it not with glass powder, but with a glass capillary. In 
this way we have to do with much greater quantities of reacting 
substances than in {he case of the lamp “sprayed” with glass powder. 


As a precaution we burn the lamp for the first time under a low voltage, while 
the evacuated lamp was still connected with the pump. This should be done very 
carefully. The wire had to be exactly horizontal, in order that an eventual drip- 
ping down of the molten glass might be avoided. When by means of the electric 
current the wire was kept at a temperature of about 600°, all gases absorbed in 
the glass capillary could be removed in this way. 

This process was continued until a high vacuum was kept constant during a 
long time. Only then the Jamp was separated from the pump. 


When high tension is applied to this lamp, while the wires are 
horizontal (see above), the glass begins so to say to boil and 


1067 


vapour bubbles are developed in it. When the voltage is kept con- 
stant, this ceases after some time. When the voltage is raised further, 
the phenomenon of the boiling is repeated; more of the gray glass 
layer is vaporized. By this vaporized material the bulb wall becomes 
hot, especially the parts opposite to the wire. Now this material is 
seen to vanish gradnally from the hottest spots and to be condensed 
in the colder ones, where it is observed as a condensate of metallic 
drops. By local heating to some hundreds of degrees these may be 
sublimated again. 

By later experiments we have found that the metal drops are able to attack 
momentaneously the water in which the formed compound is solved. 

When the tension is raised still further the whole Jamp becomes 
so hot, that the above mentioned metal drops are all vaporized, 
at least they vanish. On cooling down the tube they are however 
not found back. They are solved colloidally in the precipitate on 
the bulb; this has obtained a light-brown colour. 

The conditions under which we made these experiments were such that the 
quantity of glass was so great compared with that of the tungsten that not all 
the glass could be removed. This was however principally due to the following 
cause. When the temperature of the wire is sufficiently high the glass on the 
horizontal wire forms small spheres, which remain a long time at rest. When 
however the temperature of the wire is raised still further, these molten spheres 
become very mobile. They dance on the wire as if the spheroidal effect played a 
part and finally move towards the colder spots. These are found where the wire 
is carried by the supports. Through these much heat is namely conducted away, 
so that the temperature of the wire is lower at those spots. From this moment 
hardly any glass is vaporized. 

When now on one hand the preeipitate on the wall is examined 
and on the other hand the residue (in the neighbourhood of the 
supports) on the wire, the different experiments give the results 
collected in the following table. 

(See- table following page). 

From this we may doubtlessiy conelude that two processes have 
taken place. 

a. Fraetional distillation of the glass. 

b. Decomposition of the alkaline-oxide in the glass by the tungsten of 
the wire (W +3 Te a. 


©. Fractional distillation of the glass. 

Let us consider this process « more closely. Then it will no longer 
astonish us. It confirms the view, that the glass is an undercooled 
fluid, in which a great number of substances (more or less volatiley 
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TABEL 2. 
| Exp. n0, 1. | Exp. n®. 2. | Exp. n0. 3. | Exp. n®. 4.| Exp. n0.5. 
ee NN LE NN .. $ | 
| Not deter- 
Precipitate | mgr. KO 19.0, a 41321 26.2 nina 19.4 
on den R Re Bi: a, Eh, 
glass wall. l 2 
mgr. W |Only  qual. 0.3 10:37 21221020 4.0 
| determina- 
tion with | 
pos. result. 
Spherules Only qual. deterinined. Hardly any K;O and Na,0. A great 
on the deal of SiO,; some CaO. 
filament. 


Remarks referring to the table. When the lamp is opened (viz. when air is left 
in) the principitate on the wall is found to contain K,O and Na,0 and WO;. 
For the sake of simplicity we have made all our calculations referring to 
KOH and W. The percentage of “KOH” was determined acidimetrically, that 
of W colorimetrically (DEFAcaz) and gravimetrically (mercuro-tungstenate). 

The quantity of tungsten found on the wall in these experiments was very 
different. It depended to a high degree on (increases with) the temperature, 
to which the wire is raised finally. Especially experiment 2 shows however, 
that besides the alcaline percentage on the wall, caused by the decompo- 
sition of the glass by the tungsten, a great part of the alcaline oxide is 
due to a fractional distillation of the glass on the wall. 


nn een 


is solved. This experiment, made under very rigid conditions (in 
vacuo) is even a very useful confirmation of this view. 


“ A single observation on a similar phenomenon at high temperature has been 
published by P. Luxarn!). He finds, namely that when potassium-borate is glowed 
in a lamp, nearly all the potassium is vaporized from the pearl, while the boric 
acid is left behind. 

Further may be mentioned that our experiments with glass had been finished, before 
we became acquainted with the paper .of E. AnpErson and B. J NEsteLL 2), in 
which experiments are described on the vaporization of alcaline-oxides from cement- 
materials by heating in a Fletcher-stove to + 1300°, 

These experiments are of course very rough and influences of the gases of 
combustion can play a part, which is also evident to a certain degree from their 
observations. But for the rest their results can be regarded as a confirmation of 
what we found. It is remarkable, that they have also made experiments with 
feldspar, with a substance therefore which compared with the cement materials 


!) P. LENARD, Ann. d. Phys. (4) 17, 204 (1905). 


| ?) E. AnDERSoN and R. |]. NESTELL, Journ. Ind. a. Engin. Chem. 9, 253 (1917). 
See also W. H. Ross and A. R. Merx Ibid. 9, 1035 (1917). 
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from their other experiments contains a short age of GaO compared with the SiO, 
content. Moreover the vaporization was very weak. In their experiments the vapo- 
rization of K,O became only detectable after addition of 50%, GaO. We, on the 
contrary, worked at much higher temperatures, so that, though using silicates 
that contained little CaO, we found still vaporization of the alcaline. But this becomes 
more difficult according as more alcaline has been liberated from the glass; this is 
of great importance for the discussion ‚of the process mentioned sub D. 


D. Reaction between the tungsien and the glass. 

We have seen, that from the glass a metal is liberated soluble 
in water and which can easily be sublimated. This can only be 
potassium or (and) sodium. When the air has been let in, hardly 
anything but X,0, Na,O and WO, can be found on the wall by 
means of the flame-spectra and mierochemically. 

We have tried to separate the alcali-metal from the alcali-oxide 
formed by the fractional vaporization of the glass by sublimating 
in vacuo the metal by heating to a separate colder spot (a glass 
appendix made for that purpose). This proved however to be 
impossible. The alcali-metal is vaporized, but for the greater part 
not condensed again. It is solved in the rest of the precipitate. 

Thus we were compelled to apply the following indireet method 
of determination. 


Into a bulb A a filament (fig. 3) had been sealed. Over the W-wire a glass 
capillary had been slipped. The lamp carried two side-tubes, one of which « 
contained a small bulb. g (with capillary terminals) free from gas and filled 
with water, while the other one b conducted via a U-shaped tube h, immersed in 
liquid air, and a stopcock d to the TÖPLER-pump i, to which also a GAEDE-pump 
could be connected for the evacuation. 

First the lamp A is burnt in vacuo, while % is immersed in liquid air, so that 
A is free from any vapours. Then, d being shut, the lamp is loosened at the ground 
joint e and the small bulb g in a is shaken to pieces. Now the developed hydro- 
gen acts on the alkali-metal, by which action hydrogen is liberated. Afterwards 
the apparatus is built up again, Ah immersed in liquid air, and by means of the 
TÖPLER-pump the developed hydrogen is pumped to the calibrated volume f. By 
means of the micro-analysis-apparatus described in another paper !) the volume is 
measured and the purity of the obtained hydrogen is controlled. 


Experiment 1. Developed 412 mm? gas. 
Analysis 98 °/, hydrogen. 

This quantity of hydrogen corresponds to about I mg tungsten. 

In fact a quantity of the order of 1 mg tungsten was found on the wall by 
the colorimetric method. 

It is of course necessary that tlıe water in the bulb « has been freed first in 
a high vacuum from solved gases. This is done most easily by connecting 
beforehand the small bulb with a high-vacuum-pump, freezing the boiled water 


1) L. HamBuRgER and W, KoopMANn, Chem. Weekbl. 14, 742 (1917). 
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some WO, will have been left behind in the glass on the wire, probably also a 
trace of Ca. The alkali-metal expressed as “KÖH' corresponds to 2,0 mg KOH. 
In fact after opening of the lamp 3,5 mg KOH was found on the wall. This 
surplus is due to the fractional distillation of the glass. 


Experiment 2. In this experiment the vaporization of the glass was executed 
more strongly, so that the wall became very hot, while a great part of the 
formed alcali-metal was sölved again colloidally in the condensate on the wall 
(which was then coloured brown). At the opening of the water-bulb momenta- 
neous deculoration was found, while relatively much hydrogen was. proved to 
have been developed Results of the analysis: 38,2 mg *KOH”, 5,3 mg “W”. 
To this corresponds 1,9 cm? H;. 


E. Reaction between tungsten and glass at 1000°. 

From the following experiment we see {hat no very high tempe- 
rature is necessary to show a reaction between tungsten and glass. 
When tungsten powder and glass powder (e.g. Thüringian glass) 
are mixed and tlıen heated in an atmosphere of an indifferent gas 
to 1050° during one hour, we find, that the reaction has taken place. 


In this way 0,65 mg. WO; (determined by the mercuro-tungstenate-methode) 
was formed from 11 gr. tungsten and a few grams of glass. 


From another point of view still this action between tungsten and 
glass is remarkable. Let us namely consider the case, that we wish 
to seal eleetrie condueting wires air-tight into an apparatus of hard- 
glass. For this purpose we wust take a metal with a small dilatation 
eoeffieient, such a metal is the tungsten. During the sealing- in this is 
covered however with a layer of oxide and when this remained in 
this state it would prevent, as has been found experimentally, the 
connection between glass and wire from becoming. air-tight. At this 
temperature however tungsten and the lower tungsten-oxides act on 
the glass; the oxides do not remain therefore oxides and without any 
further precautions a very sufficient sbutting-off is obtained (Comp. 
also E. WEinTRAUB). ‘) 


F. Can the action of the silicates be replaced by aleali-oxides? 
The reaction between tungsten and the glass capillary in the lamp 
is prineipally based upon the transformation: 
2% = WO,+6 Se 
Na,O Na 
When a lamp is made, however, in which the filament is covered 
not with glass, but with Na,0’) we have praetically found nothing 
of such a reaction. 


Ww+3 


1) E. WEINTRAUB, U. S. patent 1. 154. 081. 
2) Comp. L. HAMBURGER, Chem. Weekbl. 13, 516 (1916). 
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This can easily be explained. In the high vacuum the Na,O is 
very volatile on a moderate rise of the temperature, so that it is 
vaporized from the ineandescent wire, before it has had time to 
react to an observable degree. The activity of the Na,O (K,O) in 
the glass is due to the fact that Na,O (K,O) when solved in the 
glass can act on the tungsten in the evacuated space at a much 
higher temperature than would be possible with the free oxide 
because of its volatility. 

This is analogous to what is known of the KHSO, which, used 
in analytie chemistry, is so much more active than SO,, because at 
high temperatures the SO, in the KHSO, can still be active in the 
condensed state. 


Doubtlessiy however the tungsten acts also on the Na,O when the temperature 
is so low, that this substance is hardly distilled. This has been mentioned in 
the literature (comp. GMELIN-KRAUT, Handbuch etc.) and moreover we have stated . 
it by experiments. P. LENARD (l. c. p. 201) already has shown that in the oxidi- 
zing part of the Bunsen flame a metal like platinum is rapidly attacked by oxides 
and hydroxides of the alkalines, further also by carbonates and sulfates of the 
alkalines. 


@. Conclusions. 


By these experiments we have obtained sufficient data to under- 
stand, why glass can replace the action of phosphorus. 

Partly this is due to the fact that by the fractional distil- 
lation; substances (alcali-oxides), are formed in extremely fine partieles 
(vapours), which are able e.g. to- fix traces of humidity. But 
moreover free alkali metal is formed. This is very important; 
for when for the first time the lamp is burned more or less 
strong electrie discharges take place, as was mentioned already 
above. Now, the alcali metals are very active, but especially 
when) electric discharges are sent through the lamp. G. GEHLHOFF’') 
has shown namely that the application of the action of alcali 
metals in glow-discharges forms one of the quickest methods for the 
preparation of pure rare .gases. 


Conclusion: In the form of glass a substance very inactive at room- 
temperature is introduced into the lamp, from which at high tem- 
peratures, however, the free alcali metal is developed as a vapour, 
and under the influence of eleetrie discharges this can cause the 


') G. GEHLHOoFF, Verh. d. Deutsch, Phys. Ges. 13, 271 (1911). 
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same action as the small quantities of phosphorus that are necessary 
to remove the rest-gases. 


$ 3. On the condensate, formed by the vaporızation of very 
small quantities of silicate. Prevention of the blackening 


of the bulb wall. 


In our experiments with the glass capillary we have seen, that 
from the glass prineipally only the alcaline-oxides are found on the 
wall. In the technical glow-lamp- this is however not the case. There 
the quantity of glass powder on the incandescent body that is 
required, is so small, that in a moment everything has passed to the 
wall, where the preecipitate has again a neutral character. Another 
question however is, whether the glass formed in this way on the 
wall, is the same as that which covered the incandescent body. 
Though the whole process lasts very short, still the sublimation 
must have been fractional and the cooling down must have taken 
place exceedingly rapidly. In fact the glass on the wall is different. 
Perhaps it consists of different layers of different constitution. At 
all events the alcalines are bound more loosely. They are solved 
more easily than the alcaline from the original glass. When the 
lamp is subjected to Tesla-discharges a sharp flasbing of the wall 
is oberved. Spectroscopically the sodium-lines are seen very intensive. 
With ordinary glass this is not (he case. Under special conditions 
erystallization may take place, when the laınp is opened. Analogous 
changes form a separate dominion of investigation '). 

Besides the removal of the rest-gases from the glow-lamp the glass 
that covered originally the incandescent body exerts still another 
action. We have seen above how by the condensation on the bulb- 
wail no “normal” glass is obtained. P. P. von Weimarn’) already 
has remarked that the specifie weight of the glass is smaller according 
as it is eooled more rapidly. The distances of the molecules in 
such a glass would therefore be much greater than in the normal 
glass. In these proceedings Messrs. L.. Hamßurger, G. Horst, D. Leuv Jr. 
and E. Oosreruvis have published a communication, in which it is 
investigated, how certain solid substances, when applied in a thin 
laver on the bulb-wall, can prevent the darkening of the wall (a 
consequence of the eondensation of vaporized tungsten from the 
incandeseent filament). This decolorating action is proved to have a 


) W. Reınpurs and L. HAMBURGER. These Proceedings 25, 661 (1916), 26, 


595 (1917). | 
2 P. P. von Weımarn, Zeitschr. f. Ghem. u. Ind. d. Koll, 9, 25 (1911). 
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physical character. When the tungsten molecules are kept apart 
from each other by the molecules of another substance, the strong 
absorption of the light by a continuous tungsten layer can be 
prevented. ee 

This action is also shown by the “glass” on the wall. While the 
smooth bulb-wall itself is evidently inactive, the “porous glass” 
coming from the incandescent body proves to be able to envelop 
the tungsten particles that are shot into it. When however the lamp 
has been opened, so that the porous glass can erystallize, it has 
lost much of its activity. 


$ 4. Aluminates, phosphates, owıdes. 


lt has been remarked already several times (comp. e.g. Chem. 
Weekblad 13, 536 and seq. 1916), that part of the troublesome 
gases in a glow-lamp are only liberated when at the first use of 
the lamp the wire has reached a high temperature. For this reason 
it is desirable to use substances which at that high temperature 
are vaporised only relatively slowly from the wire. In our experi- 
ments we have found such materials in silicates, several kinds of 
‚glass, feld-spar esc. But besides by silicates this condition is also 
‚Fuljilled by aluminates, as e. g. magnesium-aluminate, further also 
by Cu,(PO,), (when not hydrolyzed) and other similar compounds. 

Our first experiments on magnesium-sulfate were made with spinel, 
which we obtained from a well-known firm. The above mentioned 
property was found again. The analysis showed however, that the 
composition was: 


SiO, 39,3°/,, A1,O, 22,5°/,, Fe,O, 6,3°/,, CaO 34,3°/,, MgO 0,2°/,. 


It could therefore not be called spinel. Still this experiment was 
very instructive. It showed namely that the presence of alealine- 
oxide was not absolutely necessary to obtain the effeet. Later on we 
will return to this. 

The natural spinel that was at our disposition being thus no true 
spinel, we made artifieially a compound by heating MgO and AI,O, 
to 1800°. The product really showed the action discussed above. We 
also tried other substances in this respect. When the temperature is 
only suffieiently high and the layer ou the incandescent body suffi- 
ciently thin it is evident that all foreign substance on the wire 
can be vaporized. Thus the CaO — when such a silicate is used — 
from the glass will be sublimated on the wall under these eircum- 
stances. And then it is of eourse probable, that also some free Ca- 
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metal will be formed, which will not be less active than the alcaline- 
metal. 


Finally we may ask, whether not many more substances possess 
the “phosphorus-replaeing” action. To try this lamps were constructed 
in which the incandescent body had been sprayed with different 
oxides. We tried ZrO,, ThO,, TiO,, SiO,, CaO, Na,O. 

With all a strong glow-discharge took place at the first burning. 
The SiO, only made an exception. Though the activity was less 
than in the case of the glass-powder, the silieium-dioxide gave satis- 
factory results. 

This suggests, that also the SiO, is decomposed a little first, - so 
that silieium is liberated, which can replace the phosphorus. Later 
on the SiO, on the wall can of course prevent again the blackening 
(comp. $ 3). s 

The _percentage of SiO, however that is decomposed in the 
“sprayed lamp” is very small compared with the prineipal mass of 
this substance, which is vaporized without having been decomposed, 
then condensed on the wall, where it prevents the blackening. 


In order to learn more about this we have drawn out quartz-tubes to capillaries 
and slipped these over the tungsten wire. When now the tungsten wire is glowed 
in vacuo at a high temperature, a relatively slow vaporization of the SiO, takes 
place. Finally however a considerable precipitate is obtained, which strongly shows 
the interference colours. When the bulb is opened, gradual changes are observed 
of the quartz which forms such a thin layer. Everywhere needles are formed 
stretched in one direction, which also show interference-colours, but in which already 
with the naked eye irregularities are seen; with 50-fold magnification already a 
shell-shaped conglomeration-structure of those needles is observed. Sometimes such 
arı alteration remains very local; doubtlessiy it is due to the difference in dilata- 
tion-coefficient of the glass (under layer) and the quartz (upper layer)'). 

In a following series of experiments the temperature coefficient of the resistance 
of the wire was investigated to find out whether it had taken up some Si at the 
supposed decomposition of the SiO,. 

It will be known, that the temperature-coefficient of the resistance ofiers an 
extremely sensible method to see whether an element contains any impurity. 
Tungsten and silicium allie very easily, so that the formation of Si must become 
evident from the change of the temperature-coefficient of the resistance. 

Only very little silicium however is needed to remove rest-gases (with the aid 
of glow-discharges). Let us suppose for the sake of simplicity, that the only rest- 
gas that occurs is oxygen with a total pressure of 0,006 mm; in a bulb with a - 
volume of 150 cm3 this would correspond with 0,0017 mg O;, which could only 
be bound by 0,0015 mg Si. 

Little silicium is needed not only, but little silicium is formed also in the lamp. 
That is why the method of the temperature-coefficient measurement does not give 
a positive indication on the formation of Si; this is also due to the fact that the 


1) Also R. B. SOSMAN (Journ. Ind. and Engin, Chem. 8, 985 (1916) states at 
condensation of quartz-vapour 4 pronounced inclination to form needles of amorphous 


quariz. 
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tungsten wire must glow strongly for the formation of Si from SiO,, so that the 
small quantity of Si that might eventually be formed, will directly be vaporized 
again. It will therefore be better to arrange the experiment with the quartz capil- 
lary, in such a way that we investigate whether more tungsten in the form of 
WO; is precipitated on the wall than in a lamp without quartz. In fact we then 
obtain a positive result, but the quantity of WO, is smaller than when glass is 
used. That reaction between W and SiO, is analogous to that between C and 
quartz, by which reaction according to W. HEMmPEL!) reduction to Siand formation 


of CO take place. 

An intensive reaction between SiO, and W does therefore certainly not take 
place in the lamp sprayed with SiO,-powder. The good influence at the first burning 
is therefore also much smaller with quartz than with glass, so that already für 
small quantities of impurities that develop gases, the activity of the SiO, is insuf- 
ficient. 


Metal-oxides as ZrO,, ThO,. TiO,, Na,O are not fit to replace 
the action of phosphorus. Either they give rise to a glow discharge 
at the first burning of the lamp (by which the lamp can be 
destroyed) or (as in the case of Na,O) they are vaporized before 
those elements can be liberated, which possess the same activity as 
the phosphorus. Besides, traces of impurities, which ean accompany 
such substances as Na,O, lower the degree of the vacuum, of the 
oxides mentioned above SiO, only can be used. But this is a non metallie 
‘oxide that intensively emits electrons or ions before or during the 
decomposition. 

Is tbere no metal-oxide, less volatile than Na,0, which does not 
at all or hardly increase the glow-discharge at a high temperature ? 
Perhaps AI,O, might be useful. This oxide however with the well- 
known affinity between aluminium and oxygen is very stable at high 
temperatures and at all events did not show the activity that was 
wanted. A different result was obtained with Mg0. In fact this shows 
the phosphorus-activity in a sufficient degree. 

The application of glass remains however the simplest method. 
It is somewhat paradoxal, that we only need to rub the bulb of 
a glow-lamp to powder and to spray the filament with it to obtain 
a better lamp after sealing it into a new bulb. But this paradox 
may have found an explanation in the preceding discussion. 

It may still be remarked that we need not eonfine ourselves to 
the use of the mentioned substances. We can also apply these in 
combination with others, the good activity of which is known. 
It is however remarkable, that the combination glass-powder —- 
phosphorus gives less satisfactory results. At the first burning of 
the lamp the phosporus acts perhaps redueing in the vaporizing 
glass, which causes already a little blackening of the preeipitate on 


) W. HEmPEL, Zeitschr. f. angew. Chem. 30, 10 (1917). 
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the wall. After the finishing of the first burning we see namely on 
the bulb wall already a slight but detectable black colour. 


$ 5. Summary. 


1. By investigations in the spectrographic way and by determina- 
tions of the changes in the.gas pressure it was shown that with 
the aid of eleetrie discharges phosphorus vapour can be brought to 
a rapid reaction with all gases except with the inert gases. 

2. The action, obtained in the glow-lamp with phosphorus, can 
also be observed with silicates. 

3. At high temperatures silicates undergo a fractional distillation. 

4. When tungsten and silicates are in contact at a high teınpera- 
ture a reaction takes place between these substances, by which 
alcaline-metal is liberated. By means of this we can in the same 
way as with phosphorus obtain the perfect removal of rest-gases (in 
glow-lamps) with the aid of electric discharges. 

5. The reaction between tungsten and glass makes the use of 
tungsten for leading- in wires possible. 

6. At a rapid cooling of the vaporized silicate a product is formed 
in an undercooled state, which has other properties than the normal ° 
glass. The thus obtained condensate can decrease the blackening of 
the wall in the glow-lamp, due to the vaporized tungsten. 

7. A similar reaction as with silicates is obtained by the applica- 
tion of aluminates, caleium-phosphate, magnesium-oxide, silieium- 
dioxide. In the case of this last oxide we come to the conclusion 
that a trace of free Si is formed; only quantities of the order of 
magnitude of 0,001’ mg. Si show a detectable activity. 

Finally the author gladly seizes the opportunity to mention .the 
kind help of Dr. G. L. F. un w.i., who enabled him to 
execute these investigations. 

Eindhoven, Laboratory of the N.V. Philips’s 
(Flowlamp-works. 


Physies. — “On the influence of different substances on the absorption 
of light by thin tungsten layers”. By I. HAMBURGER, G. Hoıst, 
D. Leryr and E. Oosteruvss. (Communicated by Prof. H. 


KAMERLINGH ÖNNES). 
(Communicated in the meeting of November 30, 1918). 


Introduetion. The investigation that will be communicated here 
shortly, refers to a subject of great importance for the slowlarıp 
industry viz. the prevention of the blackening during the burning 
of vacuum tungsten lamps. 

It is well-known, that the effiecieney of such a lamp increases, 
as the temperature of the wire is raised. Now in this way 
a very high efficiency may be obtained in the -beginning, but 
by the vaporization of the filament, which inereases exceedingly 
rapidly with the temperature, the glass bulb is covered with a thin 
layer of tungsten, which can absorb so much light, that after a short 
time the economy of the lamp sinks below that of a similar lamp 
that burns at a less high temperature. 

Of course, many methods have been tried to prevent this blacken- 
ing of the bulb. The means that have been applied may be divided 
into two groups. 

1°t. It is tried to decolorate the tungsten precipitate by the intro- 
duetion of certain substances, so that it becomes less ineonvenient. 

2"d, The velocity of vaporization of the tungsten is deereased by 
the introduction of a gas under high pressure. This last method is 
applied in the so-called half-watt lamps. ’ 

Here however we shall exelusively treat the first method and 
investigate by what substances the blackening of the vacunm lamps 
can be prevented and in what way these substances act. 

Two prineipal groups of substances may be discerned. 

1°. Gases which are chemically active with the vaporized tungsten 
and form with it a less coloured compound, and substances which 
during the burning of the lamp develop active gases. 

2nd. Substances of which we cannot simply say that they are 
chemically active with the vaporized tungsten. 


This last group especially will be diseussed here. First we must 
however make some remarks on the first. 
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$ 1. Action of gases or substances which develop gases by 
dissociation. 


The simplest action is that of small quantities of gas that are 
introduced into the bulb. In this respect especially chlorine and 
oxygen are remarkable._ , 

Lanemuir') has shown, thaf at room temperature and even at 
200° chlorine acts hardly or not at all upon the tungsten precipi- 
tate on the bulb. When a small quantity of dry chlorine is introduced 
into a lamp, in which a tungsten precipitate has been formed already 
on the bulb, the chlorine will not act upon it. When however the 
lamp glows, the tungsten precipitate vanishes rapidly. LanuMmuir 
explains this by the assumption that the chlorine is dissociated by 
the glowing wire; the very active chlorine atoms which at the low 
pressure of the chlorine fly directly to the walls of the bulb, act 
upon the tungsten and form with it the colourless WÜCL,. 

One might think, therefore, that by the introduction of a small 
quantity of chlorine the lamp could be improved. The result, however, 
does not answer this expectation, as the pressure of the chlorine 
necessary to donble the life”) of a normal lamp must be not less 
than 3 mm.?). 

At this pressure the chlorine cannot act in the above 
mentioned way, the free path of the atoms being much too short. 
A reaction between the tungsten vapour however and the chlorine 
will be possible, which can prevent the formation of a tungsten 
preeipitate. Such a gas filling however offers several difficulties. 

At a pressure of 4 mm. the conduction of heat by the gas is 
already rather high, which lowers the efficieney, while at least 
at the higher voltages electric discharges through the lamp, which 
might destroy it, are not exeluded. But moreover the tungsten 
vaporizes gradually only, so that already before a considerable 
tungsten preeipitate can be formed, the chlorine will have destroyed 
the lamp by other reactions. 

Langmvir found namely that also without dissociation of the halogen 
reactions may take place between IV and Cl. The velocity of 
reaction is grealest at + 1500° K., greater than at higher and 


ı) I. LANGMUIR, Journ. Amer. Chem. Soc. (37), 1142, 1915. 

2) By the life is generally understood the time in which the intensity of the 
light is deereased by 20°. 

3) The quantity of tungsten e.g. which is vaporized in a 110 Volt and 50 can dle 
lamp and which absorbs 20%), of the light is about 0,26 mgr. To form with this 
WCI, 0,3 mg. chlorine is necessary, corresponding to a pressure of + !/, m.m. 


70 
Proceedings Royal Acad. Amsterdam. Vol. XXI. 
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lower temperatures. At the high temperature at which the filament 
glows, practically no reaction takes place as according to LANGMUIR 
the intermediate products necessary for the formation of WCÜI, are 
dissoeiated again (under formation of Cl atoms) before the reaction 
by which WCI, is formed has been completed. 

There are however always parts of the filament and often also of 
the tungsten supports that carry the wire, at a teınperature, at which 
the velocity of reaction is great. These parts will be acted upon 
amidst the formation of WCI,. In a lamp filled with chlorine the 
wire, when glowing only weakly, was really found to be soon 
corroded, while WCI, was condensed on the wall opposite to the 
wires. When on the contrary the wire glowed at higher temperature 
it remained nearly intact, while WC/, was preeipitated on the wall 
opposite to the supports. The diameter of the wire increased even, 
after 5 minutes {he electric resistance was decreased by 12°/,. This 
can easily be explained. By the high conduction of heat of the gas 
the wall of the bulb is heated. The WC/, is vaporized and dissociated 
at the glowing wire, leaving behind on it asmall quantity of tungsten, 
while the chlorine is again liberated. The wire thickens at the 
expense of those parts of ihe lamp that have a temperature at which 
the velocity of reaction is great and the lamp is soon destroyed. 

Thus the chlorine desceribes a kind of cycle and we may ask 
whether it would not be possible to introduce much less chlorine 
into the lamp, so little, that those parts that have the temperature 
of the maximum velocity of reaction are not destroyed after a few 
hours, but only after nearly 1000 hours by the action of the chlorine. 

When however the pressure of the gas is lowered, the conduetion 
of heat decreases, the glass wall becomes less warm, the WÜ/, that 
has been formed is no longer vaporized and no chlorine is formed 
back. In fact it was proved that in this way nothing could be 
reached. After a short time all the chlorine in the bulb was fixed 
and lamps with small chlorine fillings behaved after a short time 
as if not any chlorine was present. 

The other halogens and oxygen behave in a similar way. By 
the low vapour pressure of WO, there is here still less question of 
a cycle. | 

Better results were reached by the introduction of substances into 
the lamp, which during the burning develop continually small quanti- 
ties of chlorine or oxygen. F. Skaupyr was the first who suggested 
this method. A small quantity of potassium-thallium-chloride is 
introduced in a tube in such a way into the lamp, that during the 
burning its temperature becomes high enough to develop chlorine. 
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„The quantity of salt is thus chosen that the chlorine pressure does 
not become eitlıer too high or too low. Not too high for the above 
mentioned reasons; not too low as then the action is insuffi- 
cient. We lıave been able to state that K,TICI, develops chlorine 
at 350° C. already. A small quantity of ıhe salt was introduced be- 
tween the 2 glass walls of a Dewar-glass filled with liquid air, the 
external wall of ‘which was heated to 350°. The distillate formed 
in the high vacuum and precipitated on the cold inner wall contained 
rather much free chlorine and further thallium chloride; potassium 
chloride was not found in it. 

The good results reached with this salt in the lamp may there- 
fore doubtlessiy be ascribed to tlıe continual presence of a chlorine 
atmosphere of very low pressure, by which the tungsten preeipitate 
is converted into WCI,, which is only very weakly coloured, ‘A 
‚similar action can be stated of copper- and silver-chloride and also 
of some chlorates and oxides that are easily decomposed as e.g. 
barium chlöorate, barium peroxide, higher lead oxides. 


$ 2. Action of solid substances that are not easily dissociated. 


The action of the above mentioned substances was easily explained 
by their dissociation. Now H. H. NerpHam has found, however, that 
also a substance as eryolite when applied to parts of the lamp that 
‘have a temperature between 400° and 800° gives good results, while 
from other sides the application of small quantities of sodium chloride 
to the glowing body is reeommended. In fact such lamps with eryolite 
or sodium chloride prove to blacken less quickly than ordinary vacuum 
lamps. NEEDHAM supposes the eryolite to be decomposed, so that in 
the lamp a “certain” halogen atmosphere is formed to which the 
obtained result would be due. As the occurrence of such a halogen 
atmosphere seemed improbable to us, we subjected this phenomenon to 
a closer investigation and have made several experiments which 
might give us a better insight into the action of these substances. 
First we investigated, whether sodium chloridecould act in the same way 
as K,TICl,. When introduced in a small tube into the lamp, the 
NaCl proved however to be perfectly inactive, as might be expected. 
When sprayed however on the wire and the supports it was 
very active. When only tbe supports were sprayed the‘ action 
was again rather small. The salt on the filament must therefore 
be the active part. As soon as the lamp glows, however, it is vapo- 


rized and condensed on the glass wall. This can easily be seen by 
70* 
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opening such a lamp.‘) When namely the moist air comes into the 
bulb the salt is seen to erystallize on the wall. When therefore the 
decolorating action is due to a development of a halogen this thin 
salt layer must, during the burning of the lamp continually develop 
small quantities of chlorine. Neither by heat, nor by the action of 
light sodium chloride develops chlorine. From the investigations of 
GOLDSTEIN ’), and WIEDEMANN and ScHMipT°®) it was known however, 
that NaCl is influenced by cathode rays. We have therefore considered 
the possibility that the electrons, emitted by the incandescent wire, 
might have a similar action. This was proved not to be the case. 

When electrons of high velocity impinge upon a NaÜl layer, 
a coloration of the salt is seen; brown or violet according to the 
velocity. The brown salt is decolorated again by the action of the 
day-light, the violet again is light-proof. GoL.DsTEIN assumes now 
that this coloration is due to a physical action, while WıEDk- 
MANN and SCHMIDT came to the concelusion that the salt is decom- 
posed and that tben the formed sodium or sodium sub-chloride is 
solved colloidally in the surplus of salt. Only in the latter case there 
can be question of the formation of a halogen atmosphere. A eloser 
investigation taught us that in the case of the brown salt no chlorine 
had been developed from the solid phase; it acted neutrally; in the 
case of the violet salt on the contrary a decomposition has taken 
place. 

As it has now been proved that NaC?can be decomposed by an impaet 
of electrons we have put the question what velocity of the elec- 
trons would be necessary for this. Hypothetically we have assumed 
that the electrons would possess this energy, when their kinetie 
energy is greater than the heat of formation of the salt. For NaCl 
this heat amounts to 97,6 kg. cal. per Gram. mol. and thus to 
0,676 x 10-141 erg for a molecule. In this case eleetrons with a 
velocity above 1,23 X 108 cm/sec. would be able to bring about a 
decomposition. Electrons with such high veloeities really oceur in 
the lamp. We were able to prove this by means of a lamp with a 
side tube which contained a Farapay cage. At the normal burning 
temperature the charge was always —5.7 Volt with respeet to the 


negative pole of the filament. This proved that electron veloeities of 
1.40 x. 108 em/see. really oceur. 


') In these experiments the thickness of the layer was about 1—2 X 10-6 cm., 
viz. about 50 molecules. 


%) E. GoLDsTEIn, Wied. Ann. (54), 371, 1895 and (60), 491, 1897. 


®) E. WIEDEMANN and G. GC, SCHMIDT, Wied. Ann. (54), 604, 1895, (56), 201, 
1895 and (64), 78, 1898, 
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The action could however be influenced ') neither by the applica- 
tion of an accelerating or a retarding field nor by means of a solenoid. 
Moreover it is not probable that the number of electrons with velo- 
cities above 1.23 X 108 cm sec. is sufficient. When no accelerating 
or retarding electric fields existed in the lamp, there would be at 
the normal glowing temperature of 2350° abs. only one such an 
electron to every 250 'vaporized molecules. In reality the electron 
eurrent is much smäller than the saturation current, so that doubt- 
lessiy the number of high velocity electrons will be still .smaller. 
A decomposition of the salt by the impact of electrons is therefore 
very improbable. But moreover we could prove directly, by a 
chemical method, that in the lamp no decomposition of the NaCl 
takes place. 

A lamp with a side-tube was constructed. During the burning 
the side-tube was immersed in liquid air. After the experiment no 
trace of a chlorine condensate was found to be present. A drop of 
-mercury at the bottom of the tube did not leave a trace, when 
shaken, as is always the case when traces of chlorine are present. 
Further the rest of the salt should react as a basis. But even with 
the method of F. Mryrıus and F. Förster with 0,001 normal 
solutions and iodine-eosine as an indicator we were not able to 
find an alteration in the alkalinity of the salt. Evidently no decom- 
position of the salt takes place. 

Further we stated that the salt was just as active when the burn- 
ing lamp was immersed in liquid air. This made it exceedingly 
improbable that we had to do with a decomposition of the salt and 
tbe decolorating action by a halogen atmosphere. Moreover it was 
proved that also other halogen compositions as Na Br, Kl are just 
as active at the temperature of liquid air as at room temperature, 
while for Br and especially for /an exceedingly small activity might 
be expected at liquid air temperature. 

We also considered the possibility that the velocity of vaporization 
of the tungsten might be lowered by the formation of a covering 
layer of salt. M. KnuDsen ’) had stated a similar decrease of the 
velocity of vaporization in the case of impure mercury and 
]. Lanamvir ®) found in his investigations that even at 3300° K. during 
some time tungsten can remain partially covered with a layer of 
oxygen (of atomice thiekness). It is therefore not excluded that a 


1) In these investigations we could state that the vaporized W particles are 
not charged. 

2) M. Knupsen, Ann. d. Phys. (47), 697, 1915. 

3) I. LANGMUIR, Journ. Amer. Chem. Soc. (38), 2221, 1916. 
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little salt is left on the wire which prevents the vaporization. We 
found however that at equal temperatures a sprayed and a non- 
sprayed tungsten wire show an equal increase 
of the electric resistance by the decrease of .the 
wire diameter, and equal loss in weight, while 
in both cases, the tungsten condensate on tlıe 
wall of the bulb has the same weight. We thus 
come to the conelusion tbat the NaCl! is active 
in its solid phase and that in contrast with what 
we have seen in the case of X, TICI,, the decolo- 
ration of the tungsten is not due to free chlorine. 
The difference between the behaviour of NaCl! 
and X, TICI, is especially evident by the following 
experiment, in which a double-lamp was used. 
When the wire in the inferior lamp is covered 
with NaCl, but not that of the upper one, the 
inferior lamp is found to blacken much less rapidly 
ihan the upper one. When the experiment is 
repeated with a similar combination, in which the 
inferior lamp contains a small quantity of X, TIQI, 
instead of Na C/, such a difference is not observed. 
The action of the NaCl is therefore local in contrast 
with that of X, T/Cl,. The chlorine developed by 
this latter substance is spread over the whole bulb 
and attacks the tungsten precipitate both in the 
inferior and in the upper part. 
What may be the action of the thin salt layer 
on the wall ofthe bulb upon the’vaporized tungsten ? 
ls the observed decoloration due to (he forma- 
tion of some less coloured chemical compound or 
do the NaCl! and W remain on the wall chemically 
_unaltered, while they only give an arrangement 
which absorbs less light? 
The following experiments render it probable that we have not 
to do with a chemical action. Firstly we stated, that also with other 
metals a decoloration of the precipitate was found e.8. 6, Mo, Pt, 
Bi N, An Ou Ads gavenall, both af emom temperature and at 
liquid air temperature less dark precipitates when the wall of the 
bulb was covered with a thin salt-layer than when this was not 
the case. A chemical action at low temperature between Au and 
NaCl e.g. may doubtlessiy be considered as exeluded. Moreover it 
was found that not only NaCl, but nearly every other stable 


Fig. 1. 


1085 


compound gave rise to a decrease of the light absorption of the 
vaporized tungsten. In this respect we have obtained good results 
with Na,PO, Na,W0, KCN, Na,0, NaF, CaF, and with many 
other substances. 

In the following way we still made it probable, that the vaporized 
tungsten was present unaltered in the NaCl layer. When H,O was 
introduced into the lamp a quantity of hydrogen was developed. 
As we had found already before that the NaCl did react neutrally, 
so that there was no free Na, this development of hydrogen must 
be due to the presence of free W. 

While therefore the action of the salt layer depends little on its 
chemical composition, the state of the salt on the wall often proved 
to have influence. When much more salt was introduced into the 
lamp, a white erystallized precipitate was formed just as on the 
introduetion of moist air. In this form the salt was much less active. 
Lamps, the bulb wall of which is eovered with salt erystals, are 
not much better than those that do not contain any salt. A similar 
phenomenon is observed with glass. When this is brought in small 
quantities on the wire in pulverous state, and when this is distilled 
on the bulb wall, this fine distillate shows a similar action as NaCl, 
while the smooth bulb wall evidently is inactive. Still we cannot 
generalize and say, that erystallized substances are inactive. With 
erystallized NaF and KCl e.g. good results were obtained though 
not so good as when these substances were in the amorphous state. 

In general however it was proved to be of importance for the 
decolorating action of the salt that it was present on the wall in a 
very finely divided state. Now it is probable, that the W particles 
coming with a relatively high velocity from the wire, will penetrate over 
some distance into the salt and stick then in this layer in an extre- 
mely disperse state. That in a similar state the light absorption can 
be very small, had already been found by v. W EIMaRN !) for colourless 
gold-glass and gold-quartz and by ZsıgMmoNDY ?) for colourless colloidal 
gold-solutions, while v. Weımarn ’) and Mc. IntosH and Epson ‘) 
have pointed to the phenomenon that colourless colloidal solutions can 
be obtained by rapid cooling of true solutions. The particles are then 
prevented from forming greater conglomerates. By means of the 


ı) P. v. WEIMARN, Zeitschr. für Chem. und Ind. der Kolloide, (11), 287, 1912. 

s) R. ZsıGMoNDY, Zur Erkenntniss der Kolloide, 1905 and Zeitschr. für phys. 
‚Chemie, (56), 65, 1906. 

s) P. v. WEIMARN, Grundzüge der Dispersoidchemie, p. 19.1918 

#4 D. Mc. Intosch and R. Epson, Journal Am. Chem. Soc. (38), 613, 1916. 
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ultra-mieroscope Reinpers and HamsBurger ') have investigated the 
extremely thin metal and salt layers formed by vaporization. For 
CaF,, which was used in many of the following experiments, they 
found the field optically empty. Also for tungsten layers the field 
was optically empty, as well in the case that tungsten was conden- 
sed directly on the wall, as when the tungsten particles stick 
in a salt layer. With the ultra mieroscope there could thus 
be found no difference between a lamp treated with salt and an 
ordinary one. For metals with a lower melting-point as silver, the 
molecules of which have a greater mobility, a difference was found. 
A thin silver layer precipitated on glass showed ultramieroscopically 
a close network of ultramierons. When the silver is precipitated 
upon a salt layer (CaF,) the field was found optically empty. The 
presence of the salt prevents therefore the molecules from forming 
conglomerates. They evidently lie dispersed through the, salt, so 
that the action of the latter is due to its keeping the metal mole- 
cules separated. We have examined more closely the question, how 
this influences the absorption of the light and investigated, whether 
the optical behaviour of such a thin layer might be closely connected 
with its electrical conductivity. For this purpose we have made a series 
of measurements on the conductivity of these layers and really 
found, that in a lamp with salt much more tungsten must be vapo- 
rized before an electrically continuous layer is formed than in lJamps 


1007, 


!) W. Reinvers and L. HAMBURGER, These Proceedings. 
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without salt. We thought now that the action of the salt might be 
explained in this way, that the electrically still separated molecules 
behave optically more or less as separated molecules and give like 
gas molecules a line absorption spectrum, while only when their 
mutual distances have become so small that the electrical conduction 
sets in, also metallic absörption is observed. This proved however 
not to be the case. Long before an electrically conducting layer is 
forıned, a grey colour and metallic absorption are found. 

In fig. 2 the intensities of a lamp without salt (A) and of one 
with salt (B) have been represented as functions of the time. The 
temperature of the wire was about the same in both lamps'). The 
diameter of the wire had been thus chosen that its decrease by 
vaporization had no appreciable influence on the candle power. The 
lamp that was used is represented in 
fig. 3. In order to age the lamp it 
was first burned during some time 
with the inner glass cylinder high up, 
so that no tungsten could reach the 
eylinder wall. Then the cylinder was 
lowered again and ihe intensity measured 
with definite intervals with a thermo-pile 
through a CuCl, filter. In this way much 
more accurate results could be obtained 
than by photometrie measurements. 

Fig. 3. Now it has been proved, that also in 
the lamps treated with salt the formed tungsten precipitate absorbs 
from the very beginning and that the absorption is nearly proportional 
to the number of the vaporized W-molecules. In the lamp without 
salt the eurve shows in the beginning a typical change of inelina- 
tion, which could be rather well reproduced. 

In these thin layers we have evidently to do with a phenomenon analo- 
gous to (hat mentioned by Stark ?), when he speaks of the carriers of the 
speetral lines and assumes electrons that are optically free but elec- 


trically bound. 

The phenomenon has however to be investigated much more 
thoroughly before an insight will be obtained of what takes place 
in these thin layers. We still want to mention the following experi- 
ment. In a lamp immersed in liquid air a thin layer of chlorine was 


1) In the figure the numbers above the abscissae refer to (B), those below it 
to (4A). 
2) Stark, Jahrbuch der Rad. und El. (14), 139, 1917. 
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condensed on the bulb wall, upon this the tungsten was precipitated. 
At the vaporization of the chlorine, when the lamp had been taken 
out of tbe liquid air, the layer was torn in two over & length of 
some centimeters, while the metal was left on the wall in the form 
of continuous sheets proving that the distances between tlıe tungsten 
atoms are sufficiently small that their mutual attraction hold them 
together. 

Finally we shall give the results that can be reached in the above 
mentioned way by the application of a salt layer. 

From many experiments we coneluded that the mean duration of 
burning after which the intensity was sunk to 80°/, of its original 
value is for lamps with NaCl about 2,6 times, for lamps with 
CaF, 3,3 times as long as for lamps without salt. 


Eindhoven. Laboratory of Philips’ 
(lowlampworks Ltd. 


Physics. — “The vonisation of argon”. By G. Horst and A.N. 
Koopmans. (Communicated by Prof. H. KAMERLINGH ÖONNES). 


(GCommunicated in the meeting of December 28, 1918). 


1. Franck and Hertz!) have pointed out the fact that the con- 
duction of electrieity does not take place in the same way in all 
gases. They divide the gases into {wo groups: 1° those, in which 
an electron moving through the gas hardly loses any energy by a 
non-ionising impact and 2"d gases, in which the energy of the 
eleetron is lost for the greater part or totally by each impact. To 
the first group especially the rare gases belong. Franck and Hertz 
made themselves a series of measurements with these gases and 
also gave a theory of the conduction of electrieity by them. They 
prineipally investigated helium. In the following we shall mention 
the results of some measurements with argon. 

Until now only determinations of GiLL and Pıppuck’) existed on 
this subject. A former investigation on the spark potential of argon 
has taught us’) however, that the results of these physieists are 
‚not quite right, probably by a slight impurity of their argon. This 
is probably the reason why the typical behaviour of the argon was 
not pronounced in their measurements. 


9. We have again determined the connexion between current 
and tension in argon. Our apparatus had been constructed in the 
same way as that of Gun and Pıppuck (fig. 1). It consisted of a 
eondensor, in which the variations in the plate-distance could be 
measured. In the anode a series of holes had been bored through 
which by means of a quartz lens ultraviolet light of a mercury 
lamp could be concentrated upon the zine cathode, in order to 
liberate eleetrons from it foto-eleetrically. By means of a micrometer 
screw the cathode could be moved up and down. The whole appa- 
ratus had been fused into a glass tube with a quartz window to 

“ jet the ultraviolet light through. 


1) Verh. D. phys. Ges. (15), 34, 929, 1913 en (16), 12, 1914. 
2) Phil. Mag. (16), 280, 1908 en (23), 837, 1912. 
3) Versl. Kon. Ak. v. Wet. (26), 1027, 1917. 
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j ERr ? .: 
"The intensity of ihe eurrent in the condensor was re 
from the time which a binant eleetrometer of DoLEZALER needed, to 


Fig. 1. 


be charged. The tension was supplied by a battery of small piles 
and controlled with an eleetrometer of Wrrrr. All eonductors, the 
discharge tube, and the electrometer were protected by tin-foil in 
order to prevent electro-static disturbances. 

The argon was purified according to the method of GEHLHoFF. During 
the measurement there always was found a small impurity, probably 
due to gases from the ebonite, by which the condensor was 
isolated. The pressure increased about by 0.00080 mm. in 24 hours. 

The quartz lamp was fed by a battery. After some time the radiation 


proved to be satisfactorily constant, which was controlled by a 
thermo-pile. . 


3. We have made measurements on the relation between current 
and tension for a constant distance of the condensor plates and 
on the relation between current and plate distance for a constant 
intensity of the field. 

In fig. 2 and 3 the results of the best measurements have been 
represented graphically. Both eurves show typical sudden changes of 
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direetion due to the augmented increase of the intensity of the 
eurrent and which occur at regular distances'). For helium 
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Fig. 2. 


Franck and Hertz have observed a similar phenomenon and proved, 
that these changes of direction must occur each time an eleetron has 
travelled through a potential difference equal to the ionisation potential. 
Our measurements give in this way for the ionisation potential of 
argon 12,0 Volt, which agrees satisfactorily with the value IERANGE 
and Hertz found in another way.”) In the curve for constant field 
the steps are much more pronounced than in that for constant plate 


1) Maximally we have observed 15 steps. 

2) Later measurements by Dr. OOSTERHUIS and one of the writers proved that 
no real ionisation oecurs at 12 Volts. The real ionising potential is about 17 
Volts. So 12 Volts must be considered to be the velocity of first inelastie 


impact (Note added in translation). 
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distance and it seems extremely useful for the precise determination 
of the ionisation tension. This method has the advantage that it is 
quite independent of eventually existing contact potentials and 
besides, that it does not only determine the ionisatfion tension itself 
but also a series of multiples of it, so that the mean value can 
exactly be caleulated. 


STRODOM 


150 


100 


0 


3 > PLAATAFST.IN %n 
Fig. 3. 

4. Hertz ') coneluded from the experiment made by him together 
with Franck on helium, that the energy .transmitted by an electron 
to a helium atom at a non-ionising impact has just the value it 
would have when the impact took place between perfeetly elastie 
spheres with the mass of the eleetron resp. of the helium atom. 
Let us suppose now, that also in the argon the impact between an 
electron and an argon atom follows the law of the elastie impulse. 
We then find that during a non-ionising impact the electron loses a 
quantity of energy equal tt V—XAE, where E represents {he energy 
of the electron and k a constant, equal to double the quotient of 
the mass of the electron by that of the argon atom: 


ER SER 3 0,000027 
BR ya 


Now we can also caleulate the increase of the energy of the 


!) Verh. D. phys. Ges. (19) 268 1917 Verg. Benape Phys. Rey. (10) °7 1917. 
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eleetron between two succeeding impacts. Let v be the velocity of 

the elecetron, % the mean free path, then the mean value of the 

interval between two succeeding impacts will be r= > sec. During 
® 

this time the electrie field X gives to the electron the acceleration“ 

2 As after each impact the electron begins again with the mean 

velocity zero in the direction of the eleetrie field, it will travel over 


RN NE m > 

a distance = 4X — 5 in this direction '). The mean value of the 
m\Vd 

inerease T of the energy between two impacts will tlerefore be 


Ber (5). 
M\V 


Evidently this increase becomes smallest when the energy 3 mv? 
itself is as great as possible. Then the loss of energy V by the 


wie 


impact is however also maximal and therefore also the ratio 7 = F' 


Let us now suppose, what probably will be the case, namely that 
ionisation will oeeur, as soon as an electron receives enough energy 
to be ionised. Then 7 becomes a maximum for $ mv’ — eV;, where 
V; is written for the ionisation potential 


keV; VEN? 
Nnax. — Tr == u(;5) h 
X?e24 2? — 


mU 

Now the free path of an eleetron in argon is 4/2 times that of 
an argon molecule. From the data on internal frietion, we can easily 
deduce, that A in argon for 17° Ö. and a gas pressure of p mm. 

0,028 
P 

The ionisation potential for argon is 12 Volt. Introdueing this into 

the above formula we find: 


Nmax — 20 (&) . 


In the measurements with constant field p was about 2 mm. and 


is equal t}= cm 


ei 


I) The mean velocity in the direction of the field becomes therefore vd =3 X Sa» 


while Hertz finds double the value. This must be ascribed to the integration 
used by H, in which the rare very long paths have a great influence. In reality, 
when the number of the impacts between {wo ionising impulses is not exceedingly 
great, an intermediate value will be the right one. 
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1 i 
X= 250 Volt/.n so that Nmaz was equal to Tr Maximally an 


electron loses therefore by the impact with an argon atom the 


= part of the energy it has gained between two succeeding im- 
( 


paets. In this case the loss of energy may be entirely neglected and 
we may assume that (he energy of an electron it determined only 
by the way it has travelled in the direction of the field viz. all 
electrons at the same distance from the cathode will have the same 
velocity. 

In measurements with constant ‚plate distance this is not at all 
the case. As long as the potential difference between the plates is 
small, the field is weak and n therefore great. In this case we 
must therefore always take into account the energy loss by the 
impacts and especially for the first steps of the eurrent-tension-ceurve 
this influence will be considerable. For this reason measurements 
with a constant practically chosen field are preferable for the deter- 
mination of the ionisation potential. 

As to the height of the steps, according to Franck and HErTz 
they must be in the ratio 1:2:4 etc. When we disregard the 
round corners the current could be represented as a function of the 
tension by a formula of the form (= eN, 2", where N, is written 
for the number of the eleetrons emifted by the cathode and n for 


the greatest integer smaller than = (V is the potential difference 
2 
between the two plates). 

In our measurements the ratio 2:1 never oceurred, but 1.3:1 
and 1.5:1. Doubtlessiy this is due to the influence of impurities in 
the argon. By these the deviations are also greater in the measure- 
ments with a constant field than in those with a constant plate 
distance. It seems therefore to be of Importance to vepeat these mea- 
surements still with a purer gas. Finally we can conelude from the 
eurves with a constant field, that nearly every impact of an electron 
that has travelled through 12 Volt eauses ionisation. From the 
preceding caleulation it is found, that the mean value of the path 
travelled by an electron with a veloeity corresponding to 12 Volt 
between two impacts in the direction of the field is 0,001 cm. The 
measurements teaches however that all ionisations take place in a 
layer of maximally 0,004 em., so that nearly each impact that can 
cause ionisation really does cause it. 


—— 


Anatomy. — “Experimental cerebellar-atactie phenomena in diseases 
Iying extra-cerebellar”. By D. J. HunsHnorr Por. (Communieated 
by Prof. WINKLER). 


(Communicated in ihe meeting of March 23, 1918). 


In a previous communication ‘) I pointed out that our equilibrium- 
organ has not to be exclusively looked for in the vestibular organ 
as GoLTZ?) writes, and wishes, but that this organ has its arborisations 
through the whole of the body and that the vestibular apparatus 
has to be considered only as a subdivision of it. 

The equilibrium traets, which run centripetalwards as tracts of 
Fıecnsis and GowEr, possess exactly the same function as those 
fibres of the vestibular apparatus, which too provide for our equilibrium. 

Further investigations ’) then taught me, that sensory cerebellar 
ataxia must take place, when the above-mentioned afferent tracts in 
their course through the cerebellum, are damaged. | 

Should this supposition be true, then from it can be deduced, 
that cerebellar ataxia can be called forth by interruption of these 
afferent paths, before they reach the cerebellum. 

I therefore put before me the question, whether it should be 
possible to provoke cerebellar ataxia, 1° by interrupting totally or 
partially the afferent tracts, which eonduet from the medulla spinalis 
towards the cerebellum, before they reach the corpus restiforme, 
and 2»d io injure more or less the vestibular nerve, before it arrives 
within the dura. 

In reference to tlıe former, a transsection distally from the resti- 
form body is necessary, because in it also other fibres are found, 
which do not originate from the medulla spinalis. In reference to 
the latter, destroying of the vestibular fihres is necessary before they 
arrive within the scull, because the injuries due to the operation, 
within the seull, might provoke a matter of complieations less 


wished for. 


!) On our equilibrium-organ. Verslag Kon. Akad. v. Wet. Nov. 1917. 


2) See H: ZWAARDEMAKER, Physiology. Il Vol. p. 286. 
3) Cerebellar ataxia as disturbance of the equilibrium sensation. Verslag. Kon 


"Ak. van Wet. Jan. 1918. 
Ai 


Proceedings Royal Acad. Amsterdam. Vol. XXI. 
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Before starting this experiment in the first place I had to point 
out, what was meant with cerebellar phenomena. | 

The gait of the drunkard is, as I made elear in my former 
report '), one of the most striking abnormalities in cerebellar disease. 
OPPENHEIM on the other hand thought he distinguished still another form 
of ataxia, which should have a great deal of similarity with spinal 
ataxia, while Deserıne thinks under some instances a comparison 
possible with labyrinthine ataxia. From this follows, that in man 
no sharply defined disturbances are to be presented as cerebellar 
symptoms. This can be easily comprehended because with sickly 
alterations, as tumors of the cerebellum, other symptoms except the 
local ones are observed. 

The pressure of the tumour will manifest itself also on other, far 
located centra, by which the complex of symıptoms, due to the local 
disease, is no longer sharply delineated. 

I therefore soon came to the conelusion ‘that I should not eonfine 
myself in my further experiments to the symptoms of the sickbed, 
but to the results which were obtained by animal investigations. 

Here too great care had to be taken, as in reference to the 
numerous connections of the cerebellum with the other parts of the 
central nervous system, only those investigations could be of any 
use, in which exclusively small, well-desceribed parts of the cerebellar 
surface were taken away. | 

In correlation of the view of Bork *) I restrieted myself in general 
to the experiments of v. RısnBErk °), in addition to what was found 
by others. 

Putting together in short the obtained results of v. RiJNBERK, One 
finds: I. ataxia (taken in general) II. ataxia of the head: “no”- 
nodding; III. gait of the cock, in whieh the paws are strongly 
pulled up in the knees. IV. the parade-step, as one sees with the 
Prussian regiments, and in which the leg is lifted up being stretehed 
forward. V. turning around the long-axis of the body. VI. pleuro- 
tatonus or bending of the trunk towards the left or towards the right. 

If T add to these still one single symptom from my own experi- 

!) Cerebellar ataxia as disturbance 
Ak. v. Wet. Jan. 1918. 

?) BoLk, Principal features of the com 
mammals, particularly in correlation 
Psych. en Neurolog. bl. 1909. 


BoL&, On the physiolo 
1903. 


2.02 v- RisNBERK, On 
Gen, 1906, 


of the equilibrium sensation. Verslag Kon. 


parative anatomy of the cerebellum of the 
of the structure of.the cerebellum in man. 


gical significance of the cerebellum. Haarlem. Erven Bohn. 


[unctional localisation in the cerebellum. Verh. Bataafsch 
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ments '), then it is the following. VII: swaying movement of the 
body, with the coxa as resting-point. 

The animal sits on its hind part, while the front part, resting 
on the fore legs, constantly tosses to the right or to the left, exactly 
as the pendulum of a clock. This movement is, as | suppose, the 
same as described in sub II, although more intensified, because not 
only the head, but.nearly the whole of the body parlicipates init. 

As all these symptoms were never found in one and the same 
animal experimented on, but changed according to the parts which 
were excochleated, and totally in accordance with the view of Bork, 
I supposed that in the new experiments some of them wonld come 
to the foreground. 

The aim of tle operation ®) therefore was to leave only unsectioned 
a part of the afferent cerebellar traets. For this purpose the connec- 
tions. between the medulla spinalis and the cerebellum were to be 
sectioned in first instance, and as soon as the animal should have 
overcome the disturbances of gait, resulting from it and thus walked 
well again, then the vestibular apparatus was destroyed unilaterally. 

By this method still some afferent tracts should reach the cere- 
bellum and in this way a partial lesion of its cortex should be imitated. 

Referring to the first part of the experimental operation, we know, 
that from the funiculi posteriores, through the interposition of the 
nuclei of GoLt and Burpach, stimuli still reach the restiform body 
and the cerebellum along the fibrae arcuatae ext. post. et anter. It 
should be of importance not only to section the spino-cerebellar 
tracts, but also the funicular posterior tracts. 

The ideal place for this would be above the I: cervical root, 
because there all the medullary fibres going to the cerebellum can 
be sectioned. The endeavours applied for this purpose failed however, 
as all the cats died during the operations. Therefore I resolved to 
perform tle section on.a lower level, i.e. between c, and c,. For 
this purpose the dorsal part of the secund arcus vertebrae cervicalis 
was cut _.off,..tke dura.. was opened and between c, and c, in the 
first place both the posterior funiculi were transsectioned ‚and later 
on with a small curved knife the lateral edge of the medulla was 
cut in. By microscopical examination it was stated, that it had not 


1) Cerebellar ataxia Experimental reseaches. Psych. Neurol. Bl. 1909. 
Cerebellar functions in correlation of their localisation. Id. 1915. 

.--2)-Prof. B. Macnus and his temporary substitute Dr. W. STORM VAN Lezuwen, 

had the kindness to let me operate in the pharmacological laboratory, for which 


opportunity I am greally indebted to them. Ei 
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been possible to quite spare the pyramidal tract, which could be 
easily observed in the animals. During the first days after the 
operation the walking took place with great diffieulty. The animal 
not only was ataxiec, but more or less paralysed, often falling aside. 
Within 10 or 14 days however it had recovered in so far, that it 
could walk in a straight direction. When it had almost totally 
recovered, then I passed on to the second operation, and through 
the right bulla ossea, according to the method of pe Kreyn'), the 
labyrinth and the vestibular nerve were destroyed. 

In five cats the operation succeeded as we wished it. The symp- 
toms they showed were in general the following: 

a. After transsection, on the right as well as on the left of the 
posterior funicular traets and of the spino-cerebellar tracts, ataxia 
and paralysis resulted, as mentioned above. That ataxia oceurs after 
transsection of the tracts of Frecasie and GowEr was already known 
to us from the investigations of MargurG and Bine.*) The palsies . 
were the results of a not wanted lesion of the lateral pyramidal 
tracts when transsectioning the spino-cerebellar lateral tracts. After 
a fortnight these symptoms diminished, the animals could walk 
rather well in a straight direction and then I went on to the second 
operation, destroying this time the vestibular organ and the fibres 
originating from it. 

b. After the right labyrinth was destroyed and when the animals 
awakened from the narcosis, they showed in most of the cases all 
the symptoms, known and found as result of the operation. Always 
to be observed were eye-nystagmus towards the sound side, on the 
other hand, retraction of the third eye-lid, narrow pupil and narrow 
eye-slit (trias of sympathetic palsy, DE Kızın and Socın®)) on the 
sick side. Nystagmus of the head I never observed, however I saw 
turning of the head towards the operated side. In some cases this 
turning was distinetly, in other cases less distinetly visible. 
€. Soon after the operation the animals exhibited a more or less 
marked eireus gait towards the sound side, i.e. towards the left. 
Several degrees of this deviation were observed. In the most pro- 
nounced cases the animal rotated as it were around its tail. When 
the circus gait was not distinetly pronounced, then the animal walked 


) A. pe Kırys, Zur Technik der Labyrinthextirpation und Labyrinthaus- 
schaltung bei Katzen. Archiv. f. die Ges. Phys. Bd. 145. 

?) See EpInGER, Zeitschr. f. Nerv. Heilk. Bd. 45. 1912. bl 303. 

3) A. DE Kreyn u. CH. Soc, Zur näheren Kenntnis des Verlaufs der post- 
ganglionären Sympathieus-bahnen für Pupillenerweiterung, Lidspalt-eröffnung und . 
Niekhautretraktion bei der Katze. Archiv f. d. Ges. Phys. Bd. 160. 1915. ” 
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in a more or less large cirele constantly towards the sound side. 
When the deviation ‘occurred in a slight degree, then the animal 
only showed a deviation- of its gait directed to the sound side. 

The cause of these differences I think I may find in the incom- 
pleteness of the operations. When these succeed according our 
wish, then the deviation will be very distinet. When the operation 
falls out less well, then the-eircus gait too will not come to full 
development. | 

As is tlıe case with most of this kind of operations, the deviation 
soon grew less and compensation therefore soon appeared. The 
distinetly marked circus gait changed into a curved line walk and 
ended towards a walk deviating to the sound side. This last 
symptom remained during a long time. 

Yet the animal could manage, although the circus gait was 
distinetly - pronounced, to reach a certain point. As it however 
was incelined to deviate towards the sound side, it was obliged to 
try this in a particular way. This is clearly seen from the drawing 
after a photograph (figure 1) of a gait line. The animal is standing 
near A and intends to go to B, where a piece of meat is |ying. 
As it is inelined to deviate towards the left, the sound side, and 
in this way would never reach its aim, it adducts its right hind 
leg strongly underneath its trunk and when the left hind 
leg then is lifted, the animals throws, by means of the strongly 
adducted right hind leg, the whole of the hind trunk towards the 
left, and therefore tlıe head becomes directed more to the right, 
towards the aim. This is distinetly seen, just above the arrow, which 
indieates the intended direction of movement. /. notes the place 
where the A fore leg is placed. The R hind leg is strongly adducted 
underneath the trunk towards //. As it, with that leg, throws the 
whole of its hind trunk towards the left, then the long-axis of the 
trunk is indiecated by drawing a line between the two right legs, 
therefore J. and //., in which case the animal keeps looking at the 
aim. With the next step the AR fore leg is placed near /.. and the 
R hind leg is strongly adducted, towards /7.. The long axis is found 
between /.. and //.., and therefore the ‚head is again turned towards 
B. Continuing in this way, thus addueting the right hind leg strongly 
underneath the trunk, the animal at length reaches its aim along 
a curved line. It happens now and then that the cat, when adducting 
the R hind ..leg too much underneath the trunk, loses its equilibrium 
and tumbles to the right, because it misses its support on that side 
of its hind trunk. 

.Moreover it is remarkable that when the cat walks aimlessiy 
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about. the room, it constantly turns towards the wall, against which 
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Fig. 1. 
it rests the sound left side and alon 


8 which it moves on. This 
way of doing is comprehensible, 


because by leaning on the left side 
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against the wall, it cannot deviate in that direction and in this 
manner the straight line of gait along the wall becomes easier. 

d. When we examine-the gait of these cats carefully, we.directly 
see that the fore leg is stretched and lifted high. On the 
following picture (fig. 2), a high magnitication after a film repro- 
duction, this is elearly_seen. Without much diffieulty one recognises 
the parade-step, as. i.a. is published by Lucıanı and v. RısnBerk in 
their investigation on the cerebellum. From my own experiments') 
on dogs, of which a reproduction (fig. 3) is placed next the cat’s, 
and which is made ofa photograph, one sees the confirmation plainly. 


Fig. 2. Fig. 3. 
Cat. extra-cerebellar. Dog. intra-cerebellar. 


Of importance is the fact that in the dog the parade step occurred 
after operating in the cerebellum (fig. 3), that in the cat, after 
operating ewtra-cerebellar (fig. 2). 

Other symptoms important for this report are not found in the 
operated cats. Yet the results which we obtained, support the suppo- 
sition that the sensory cerebellar ataxia occurs, when the afferent 
tracts, which from the medulla and the vestibular organ pass on 
towards th. cerebellum, during their course to that organ, are inter- 
rupted in some way or other. 


In eonneetion with the above-said a few points still rest to be 
spoken of: 

1. how can it be explained that in my extra-cerebellar operation, 
the parade step was perceived, while on the other hand the cock- 
step and the ““no”-nodding etc. as described by e.g. LucIanı, v. RıJNBERK 
and myself were missing. 

I think I must look for the reason that in all these cases the 
same operation always was done, i.e. transseetion of the posterior 
funienli medullae, of the ventral and dorsal spino-cerebellar tracts 
of the funieulus lateralis medullae and of the vestibular organ at 


1) Gerebellair ataxia Psych. Neurol. bl. 1909. 
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the R side. Perhaps other cerebellar symptoms would have come 
more to the fore-ground when a different combination had been made. 

II. In my previous report‘) I came to the conclusion that, as 
sensory cerebellar ataxia must arise through interruption of the 
afferent, extero- and proprioceptive equilibrium tracts in the cere- 
bellum, this ataxia naturally will appear, when those parts of the 
cerebellum are affected, where these fibres are found. 

The consequence is that where the parade-step can be evoked 
evtra-cerebellar, and this symptom also is derived intra-cerebellar, 
a field of the cortex must be destroyed in which these afferent 
fibres end. 

Now it is well-known that the tıactus spino-cerebellaris dorsalis 
(FLecHsie) ends in the coriex of the vermis, and the traetus spino- 
cerebellaris ventralis (GowEr) in the vernis superior and the nuclei 
tecti. From this follows, that all the important afferent tracts from 
the medulla spinalis and. from the vestibular organ are only in con- 
nection with the vermis and the above mentioned nuclei. 

Previous experiments?) which I made proved however, that the 
paradestep appears after removal of parts of tlıe cortex of the lob. 
paramedianus, Iying laterally from the vermis. 

These two facts therefore do not agree and the question arises, 
whether an explanation is to be found for this. Directly three pos- 
sibilities come to the fore ground. The first is that my investigations 
were not properly made. Against this I would say, that in ten dogs, 
larger and smaller parts from the lobulus paramedianus were eut 
out and that in seven dogs the parade-step was found, while this 
dysmetria in the gait did not appear in any of my other animals. 
Therefore it is likely, that the right localisation was obtained. 

The second is, that the view is not right, that the mentioned 
afferent tracts should only end in the vermis, but that they possibly 
also pass into more laterally Iying parts of the cortex. Against this 
can be advanced, that a great number of investigators have proved, 
that the mentioned tracts do not end outside the vermis. This 
fact too may be taken for certain. 

The third explanation could be, that one has in the cerebellum 
correlations, which histologically are not yet brought to clearness 
and through which the afferent impulses, arrived at the vermis, are 
projected towards other parts of the cerebellum. 

in this report I will not 80 deeper into the last question, which 
to me seems the most probable, as more special investigations will 


1) Verslag Kon. Akad. v. Wet. Januari 1918. 
?) Psych. Neurol. bl. 1909, i 
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have to bring more clearness. Now I will only point out the con- 
tradietion which I saw, and which with the aid of the well-known 
facts at our disposal cannot yet be explained. 


SUMMARY. 


1. By experimental operation extra cerebellars, i. e., by transsecting 
the tracts of Gout, Burpach, FrecHsıs and GowEr and the fibres 
of the vestibular organ, it is possible to call forth cerebellar ataxia. 

2. The hypothesis which I made and described in my previous 
communication, on account of elinical experimental reports, that 
sensory cerebellar ataxia appears through interruption, in the 
cerebellum, of the sub I- mentioned tracts, is proved by experiments 
on animals. 
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Cat No. 1. Transsection of the tracts of Goll and Burdach and of the spino- 
cerebellar funieular tracts, on the right as well as on the left. After the animal 
had totally recovered from this operation, the vestibular organ and the vestibular 
nerve on the right side were destroyed. 

After awakening from the aether narcosis, the head was seen to hang to the 
right and downwards; therefore it showed turning of the head. No head-nystagmus 
was jerceived. The trias of sympathetie palsy, resulting from transsection ‘of the 
post-ganglional nerve fibre in the mid-ear, i.e. narrowing ofthe eye-lid, was present 
on the right. Moreover eye-nystagmus towards tlıe sound side, therefore towards 
the left. All the symptoms, which one sees after destroying the vestibular organ 
and the vestibular nerve, were present except the head-nystagmus. The day follow- 
ing the operation, there appeared a strongly pronounced eireus gait to the, left, 
therefore to the sound side. This was so intensified, ihat when a piece of meat 
was laid down on tbe right side of the cat, the animal had to turn around its 
tail to get at the food. Was the meat put down at a distance in front of the 
cat, then we saw the curved gait line, as indicated in fig. 1. If the cat was Iying 
in rest. ıhen it turned its head to the right as well as to the left. 

After a few days the circus gait — to the left — had greatly diminished, to 
slowly continue in a devialion to the left, which was still distinetly seen while 
walking. It was clearly visible that the animal, when it walked aimlessly around, 
leaned with the left side, i.e. the sound side, against the wall and that it walked 
on along the wall. 

Eight days after the operation the animal was killed for examination. Prof. 
- WINKLER, who had the kindness to prepare the central nervous system and to dif- 
ferentiate it afler he MarcHı method, found: distally from the field of operation, 
lying between c, and c; degeneration of the pyramidal lateral funicular tract, 
especially in its lateral part and further degeneration in the ventral white field, 
at the level of the peripheral border, where in man!) the tectospinal tract is found. 
The distally lying degeneration is on the left side far less pronounced than on the 


) ©. WINKLER, Handboek der Neurologie, bl. 259. Haarlem, Erven Bohn. 1917. 
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right. Proximally degeneration appears of the posterior funseular tracts, the spino- 
cerebellar lateral funicular tracts and the spino thalamie tract. This afferent dege- 
neration too is far more visible on the right than on the left side. Of the spino- 
cerebellar tracts, the dorsal is the most affected, tlıe ventral (GowWER) less. At 
the right the nervus vestibularis degenerated. 

Cat No. 2. Operation done as in NP. 1. After the anımal awakened from the 
aether narcosis, it did not show signs that the right vestibular organ was destroyed. 
Next day the operation was repeated, then with satisfactory result. Noted were 1. 
Eye-nystagmus to the left. 2. Sympathetice palsy trias at the right. 3. No head- 
nystagmus 4. No, or very little turning of the head. 

The day after the operation the cat walked rather well; it hardly showed eircus 
gait, but only had an inclination to deviate to the left, hence to the sound side. 

Eight days after the operation of che vestibular organ the cat was killed for 
examination. This investigation too Prof. WINKLER had the kindness to make; the 
following was found by him: Caudally from the field of operation. Iying between 
(3 and c, there is found a rather strong degeneration of the pyramidal lateral 
funieular traet, but contrary Io cat NP. 1, there were but few black spots in the 
tecto-spinal region. Capitalwards the posterior funieuli are degenerated and of the 
spino-cerebellar lateral funicular tracts principally the Frecasıe, i.e. the dorsal, 
bundles. Moreover one sees an afferent degeneration within a group of fibres, 
which originate from tlıe dorsal part of the spino-cerebellar lateral funicular tract 
of Fwecasie. They take their course medialwards, break through the zona inter- 
media, cross in the commissura alba ventralis and take a place in the suleo-marginal 
region. In following this bundle upwards, it is seen capitalwards of the decussatio 
pyramidalis against the ventral margin, laterally from the pyramidal tracts. Higher 
still it is found in the lemniscus in Ihe place, where the spino-thalamie tract lies. 
As the slides do not reach the thalamus, I could not make out where this bundle 
ended. All the above mentioned symptoms are more distinetly pronounced on the 
right than on the left, except of course of the crossed part of the last mentioned 
bundle. The vestibular nerve is degenerated at the right side. 

Cat No. 3. Operation as with N. 1, 

After awakening from the aether narcosis there existed I. eye nystagmus to the 
sound side; II. sympathetic palsy trias to the right; III. turning of the head to 
the right; IV. no head nystagmus. The day after the operation circus gait to the 
‚left appeared, i.e. to the sound side, but this was. not half so distinctly pronounced 
as with cat N®. 1. As was the case with cat NP. l, here too the cireus gait soon 
diminished, yet for weeks the animal showed still an inclination to deviate to 
the left. Also the curved line of gait to reach an object (fig. 1) remainel, 
although this was not so distinetly visible as in the beginning. 

From a film exposition it proved, that the parade step was distinctly present. 

As the cat already previously had been used for another cerebellar operation, 
the central nervous system was not examined, as the obtained results might have 
been influenced by it. 

Cat No. 4. Instead of transsectioning on both the sides of the afferent medullary 
tracts to the cerebellum, in this cat only the right half was transsectioned. After 
tie animal had totally recovered from the operation, the vestibular organ and the 
vestibular nerve, as in ihe three previous cats, were destroyed at the right side. 

Alter awakening from the aether narcosis the same symptoms were observed 
BB with the other cats, thus I. nystagmus to the left, II. sympathetie palsy trias 
‚to the.right, IIL turning of the head to. the right, IV. no head-nystagmus. 
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The day after the operation the animal did not show many symptoms. After 

the second day there was cireus gait to the left. On the fourth day this last was 
still visible and a film exposition was taken. The parade step appeared then 
distinctly visible. 
On the sixth day a change in the cat appeared. The animal tumbled over 
regularly to the right, it could not walk and mewed strongly. On the seventh day 
the cat lay dead in the cage, after more than 20 days after the operation in the 
medulla spinalis was done. For the section see cat N’. 5 

Cat No. 5. Operation as with NO. 4, 

After awakening from the aether narcosis this cat too showed exactly the same 
symptoms as the former cats, only the circus gait was not so distinct as with 
cat NP. 4. The further course was nearly the same. After film-exposition the parade 
step appeared distineily to be present (fig. 2). As with N®, 4, this cat too was 
found dead in its cage, nearly at the same time and three weeks after the opera- 
tion, done in the medulla spinalis, but without the symptoms which N°. 4 had 
ehiihitdd shortly before dying. 

The section by a mishap was only done on the head, as this was cut kom the 
trunk and was kept in furmaline, while the body was thrown away. After opening 
of the crane, the bloodvessels of the brain surface and of the spinal cord up to 
the place of operation were strongly overfilled. The wound itself was well-cured, 
the candally Iying part did not show alterations. After mieroscopie examination an 
infiltration of small cells was d underneath the pia. As this alteration appeared 
three weeks after ‘the operation and as both the cats were placed in one cage 
and died nearly at the same time,. the possibility exists, that they died of a 
general infection. 


Chemistry. — “The Phenomenon Electrical Supertension”. Il. By 
Prof. A. Smits. (Communicated by Prof. P. ZEEMAN). 


(Communicated in the meeting of Jan. 25, 1919). 


In the first communication on the phenomenon of electrical super- 
tension the supertension of the hydrogen etc. has been considered 
which ‚appears at unattackable electrodes on the passage of an 
electric current. Now we shall discuss the phenomenon of super- 
tension at the generation of hydrogen, which oceurs when metals 
act on water, or on solutions of acids without the aid of an electrie 
current, i.e. without entrance of electrons from outside. 

In the discussion of the hydrogen generation on immersion of 
zine in an acid zine salt solution the adjoined figure 1 led us to 
make the following remarks. 

When zine (M”) is placed in a liquid of the concentration 2. 
the zine can be electromotively in equilibrium with this solution, 
but only metastable, at an eleetrical potential indieated by the dotted 
line gf. 

In this case no hydrogen-generation should, however, take place. 

The metal zine does act, however, on the here supposed liquid, 
and hydrogen is generated, which gives rise to a three-phase eqwili- 
brium, consisting of a hydrogen-containing metal phase, a hydrogen 
phase, and the electrolyte, in which we should bear in mind that 
by what is here indieated as electrolyte, the liquid phase in the 
boundary layer is meant. On action of the metal on the electrolyte 
the concentration of the liquid in the boundary layer will differ 
from that of the liquid outside the boundary layer. 

In eonsequence of the reactions 


MM" +26, 


DER 
Mı>M; +29, 


20, +24; —H,, 


A int: 
295 +2H5—>H,g 
the liquid in the boundary layer will be poorer in hydrogen-ions 


and richer in zinc-ions than the electrolyte outside the boundary 
layer. 
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When now also on rapid solution the metal assumes internal 
equilibrium superficially, the metal phase will lie on ad or on the 


prolongation of this line, because the different points of this curve 
and its prolongation represent states of internal equilibrium of the 
metal in eleetromotive equilibrium with eleetrolytes which lie on 
the line ac or its prolongation. 

When not only the metal phase, but also the hydrogen phase of 
the thres-phase equilibrium mentioned just now is in internal equili- 
brium, the metal phase must lie in d, the hydrogen phase in e, and 
the electrolyte in the boundary layer in c, the electrolyte outside 
the boundary layer possessing the concentration z,. The zinc-ions 
will, therefore, eontinually diffuse from the boundary layer outwards, 


a: zul Zi 
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and the hydrogen ions in opposite direction from outside into the 
boundary layer. | 
Let us now ürst of all suppose that the internal equilibrium in 
the metal sets’in very rapidly, but not in the hydrogen. This may 
take place when the metal maintains its internal equilibrium also 
EN rapid emission of ions and eleetrons, and the internal equilibrium : 
26 —+2H- ZH, 
does not set in rapidly enough, so that a gas-phase escapes which 
contains too many eleetrically charged partieles, ie. (00 many ions 
and eleetrons or in other words is disturbed in das direetion. In 
this case the three-phase equilibrium: metal phase — beundarr 
kquid -— hydrogen phase will be indieated br eg. the three 
points d’c’e’. e 
When the electrical potential of the same distarbed hydrogen 
phase could be measured with regard to the elecirelytes ef other 
hrdrogen-ion concentrations than c’, the line 5’c” would denete the 
electrolytes which can eoexist with the same disturbed hydrogen 
for different. electrical potentials. 
We shall now consider the case that the internal equilibrium sets 


ER 
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in very rapidiy for the hydrogen, but that the metal is disturbed. 
It being supposed here that the metal dissolves pretty räpidly, the 
liquid in the boundary layer will deviate also here from that outside 
the boundary layer with the eoncentration x,. Tlie hydrogen phase 
is in internal equilibrium, so that the eoexisting liquid must be a 
point of the line be. The distürbed metal plıase is ennobled, and 
has, therefore, a less negative electrical potential. Let this metal 
phase be indicated by d’, then the three coexisting phases are 
represented by tlıe points «d’c’e’, and tlıe line «a’c’ has only signifi- 
eance for the case that the same disturbed metal phase could also 
eoexist with other electrolytes than c’. 

A third possibiliiy remains, namely this that neither the metal 
phase nor the gas phase assume internal equilibrium with suffieient 
rapidity. In this case the metal will, therefore, contain too few ions 
and electrons, in consequence of which its eleetrical potential has 
become less negative, whereas the hydrogen phase contains 100 
many ions and electrons, from which results that its potential has 
obtained a more negative value. 
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In this case the metal has, accordingly, become ennobled, but the 


hydrogen has become baser. 
It is now the question at what potential the three-phase equili- 


brium will lie. 

When the disturbance of the metal is much greater than that of 
the hydrogen, the three-phase potential will most probably be less 
negative than in case of internal equilibrium of metal and hydrogen 
phase; if, however, the disturbance of the hydrogen is very great, 
it is possible that this disturbance prevails, and: that the three-phase 
potential is more negative than in case of internal equilibrium. In 
the foregoing diagram, fig. 3, the former is supposed. 

It is clear how on these considerations we are gradually led to 
the case that presents itself for Nickel. 

There the metal is disturbed, and through its exceedingly slow, 
imperceptible generation the hydrogen is always in internal eqnili- 


Mm” ger 3H: 


brium. In consequence of the exceedingly slight action the concen- 
tration of the boundary liquid is practically not different from that 
outside the boundary layer, so. that the liquid phase of the three- 
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phase equilibrium will be indicated by the point m, so that the 
three-phase potential coincides with the potential of the hydrogen 
electrode, as was already. demonstrated before. 

Now it is perfeetly clear from the considerations given here that 
we are not justified in saying that when the hydrogen generates at 
a metal of a potential which:is baser than- that-of the hydrogen 
electrode, the hydrogen presents the phenomenon of supertension. 
Fig. 2 e.g. refers to this case, here the generated hydrogen shows 
no supertension, because the liquid lies in the boundary layer on 
the line dc. The point .c’ lies, indeed, above »n, but this is only 
owing to this that in consequence of the solution of the metal, the 
coneentration of the liquid, in the boundary layer, is different from 
that outside it. 

In the cases represented by figures 1 and 3 the en presents 
supertension, but this supertension is not equal to the potential dif- 
ference between the potential of the generating hydrogen and the 
hydrogen electrode, for in order to get to know the supertension it 
would be necessary to have the hydrogen electrode also.in the 
boundary layer of the dissolving. metal. 

The real supertension can be read from the figures 1 and 3 men- 
tioned, it is not the distance from the Du m to the horizontal 
line d’e’, but equal to the distance m’c’ 
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Physics. — “Contribution to the theory of adiabatie Inwariants.” 
(Preliminary communication). ') By @. Krurkow. (Communicated 


by Prof. H. A. LorENTz). 
(Communicated in the meeting of Dec. 29, 1918). 


Introduction. Any quantity that has to be quantieized, which may 
be called a “quantum-quantity”, must satisfy {wo conditions: 

1. it must be a function of the integrals of the equations of 
motion of the system under consideration. This condition is self- 
evident, since the quantity must not change by the motion of the 
system, and has therefore never been explicitly stated; 

2. it must be an adiabatie invariant, i.e. it must not change 
when the system is submitted to a reversible adiabatie influence. 
This demand was first formulated by Erkenrest and proved by means 
of general statistical reasoning*). Assuming that the adiabatie influence 
may be calculated by the methods of mechanism this condition 
follows directly from the fact, that the quantum-quantity varies ab-' 
ruptly, whereas the external influence may be infinitely small; the 
quanticizable quantity tberefore cannot vary at all, it must be an 
adiabatie invariant. SR | 

Calling the quantum-quantity v, the integrals of the equations of 
motion C,,cC,.... and the adiabatie invariants vd... the condi- 
tions (1) and (2) are expressed by 


v— funct (01 0.0) rn ae (1) 

v.= fund (u, vn.) (2) 

3. There is still another condition which a quantum-quantity 
has to satisfy: it must have a meaning which is independent of the 
system of co-ordinates. This condition appears to me to embody the 
notion of the coherence of the degrees of freedom established by 
Pranck °). To this condition I hope to be able to return in a later 


!) Address delivered in the Petrograd. Phys. Ges. in Dec. 1917 and April 1918. 
») P. EHRENFEST. Ann. d. Phys. 51 (1916) p. 327, Phys. Zschr. (1914) p. 
Acad. Amsterdam 22 (1913) p. 586. Ann. d. Phys. 36 (1911) p. 98. Verh. 
d. D. phys. Ges. 15 (1913) p- 451. 
°) M. Pranck. Ann d. Phys. 50 (1916) p- 285. 
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paper: on this occasion it will be left out of account and we shall 
only deal with condition (2). 

' This condition imposes’ on us the task to find the adiabatie in- 
variants of a given mechanical system and to look for a general 
method of solving the “adiabatie” problem.'!) A method of that kind: 
was unknown so far; the adiabatie invariants had to be guessed at 
and their adiabatie invariability had to be tested a posteriori. In this 
way the following invariants were found: 


a. the quantity V of statistical mechanics, which measures the 
phase-extension limited by the “energy-surface” ?); 


db. the “action” calculated for a full period of a periodical system; 


‚= [era 


c. the quantum integrals of the “conditionally periodie” systems; 


b; 
= |; = | ;dgi . *) 
0 0; 


In what follows I shall sketch out a general method of finding 
adiabatice invariants and apply it to certain special cases, viz. 


a. Cyelie systems. Properly speaking these systems come under 
the head of conditionally periodie systems; but as the conditions.are 
particularly simple in this case and bring out the very natural 
character of the method, I shall discuss them separately; 


ß. conditionally periodie systems; 
y. ergodie systems. 


Under ($) I shall only eonsider the limiting case, in which there 
are no commensurable relations between the periodieity-moduli. To 
the further. cases and in particular their relation to the third con- 
dition stated above I hope to return on a later occasion. 


y This point was any emphasized by EHRENFEST. Compare for instance 
P. Eurenrest Phil. Mag. VI.Vol. 33. p. 513 (1917). 

2) P. Hertz. Ann. d. Phys. 33 (1910) p. 544. 

5) L. BOLTZMANN. Prinz. d. Mechanik II p. 181. P. EHRENFEST Ann, d. Phys. 
51 (1916) p. 327 Anhang. 

) J. M. BURGERS. Ann. d. Phys. 52 (1917) p. 195. To the papers in the Pro- 
' ceedings - of the Amst. Acad. referred to by the author I had unfortunately no 
access. 
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THE GENERAI, METHOD. 


1. Definition of adiabatie. invariants''). We consider a mechanical 
system of n degrees of freedom, the equations of motion of which 
must be written in the Hamiltonian form 


ne ae 
FERNE ,3=-—, k(=1h32 ‚n) (3) 

H is here a function of the p; and g;:. .It must not contain t 
explicitly. Moreover it is supposed to depend on certain external 
co-ordinates, which we shall call the parameters a... These parameters 
may either retain constant values, in this case we have the iso- 
parametric problem, or they may vary, which gives the rheo-para- 
metric problem, or they :may vary very slowly ?), which is the 
herpo-parametrie or adiabatic problem, to which we shall give 
special attention. 

We shall make the following assumptions: 

I. None of the quantities p; or g; increases to infinity. The gi are 
confixed within fixed limits. 

Il. During the time in which each gi goes to and fro many times 
between its extreme values, the a, must change by an infinitely 
small amount of the first order. Moreover each a, must be approxi- 
mately constant. Equations (3) must remain valid during the process. 
It follows from these assumptions that the herpo-parametrie problem, 
will be obtained by putting a, — const. in the rheo-parametric problem 
and then taking for all the quantities the time-average in the 
corresponding iso-parametric problem. } 

In our discussion we shall confine ourselves to one parameter a. 
This is not an essential limitation of the problem, but it simplifies 
the formulae considerably. 

An adiabatic invariant is a function v of the integrationconstants 
C1, Ca, .... Of the iso-parametric motion and of the parameter a, the 
total “adiabatie” derivative of which with respect to a disappears: 


dv dv dv de,  Ov de, 
da, 0a... Oo, das Du das 0 


where the horizontal line indicates the time-average. 


2. The iso-parametric problem. In the equations of motion (3) we 


') Comp. P. EHRENFEST I. c. and J. M. BuRGERS |. c. 


) Implieitly this condition will show itself in the fact, that HaMILToN’s function 
only contains the parameters a. itself and not the corresponding moments. 
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put «= const. and integrate according to JacoBI’s method. If 
ER ER 4 PO U HE ER E (5) 


is a set of normal integrals of the equations, from which p; may 
be solved, the characteristic function 


r v-lz Fi dais A er (6) 
ı 


may be formed, where the functions F'(q., c,, a) represent the quan- 
tities p, deduced from equations (5), and putting 
VER AR oV 


t er I 
dc, j dc ; dc, 


= 


Zee (7) 


these will be the additional integrals, where 
a ee ET VE =, (8) 


The quantities c* are the n integration-constants. The iso-parametric 
problem is thereby solved. 


3. The differential equations of the rheo-parametric problem. In 
order to obtain these equations we shall pass from the variable 
quantities p; and g; to the variables c; and 4. This is a “contact- 
transformation”. It is obtained by means of the characteristie function 


in = | wich. a a 
ı > 


as transforınation-funetion 


oV oV 

— pi TEE EEIITE 9 

gi pP: dc, s ( ) 
The differential equations retain the Hamiltonian form. Ifa remains 

constant, the new Hamiltonian funetion is equal to the transformed 


old one, i.e. to c, and the following trivial result is obtained: 


rt. geliehen...) 

We now allow a to. change, i.e. we put a = function (d). The 
transformation-funetion V is now an implieit function of t through 
the intermediäry of q,, c. and a: 

oV 04. -.:.0V: aV- 
N er ae, mn 
d —=( VER )+ D6 


The differential equations (3) retain their form all the time, but 
the new Hamiltonian function X now becomes 


oP\- | 
R=u+(%)° ae (10) 
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where the brackets are intended to indicate, that the derivative 
0 V/da must be expressed in the. variables c, and 4. The differential 
equations of the rheo-parametrie problem therefore are as follows: 


Dr ok se 0K 
n=—-— u ae en BL ed 
dt, dt, 0% a. (1) 
VER Te BEE 
ade, > de, Br r® 


4. The herpo-parametrice or adiabatie problem. 
To begin with we put a— const. Substituting the value of X 
from (10) the equations (11) then assume the form: 


. od (av 
= (5) art 


: 00V. : Ur OR 
— le, un es — — ki 0% o* 
t, =: [9)+! t () la2>=2 n) 


or, indicating the differentiation with respect to the parameter «a 
by means of a dash: 


0 /0V oV 1 0 /9V 
Kr ulm elre = «=.—| — zen Az 
“ 5) > ae } es (12) 


:::We now only need to put the line which indicates the mean 
value on the left side and on the right actually to caleulate the 
time-average in order to obtain the differential equations of the 
'herpo-parametric or adiabatic problem. The integration, in which the 
said line on the left is omitted, gives the adiabatic invariants; indeed, 
‚the equations being 

eg Tele tu0) ri gile,, ta,0) 

and gf(cz,t,,a) their integrals, the total differential dy/da owing to 
the equations must disappear, or 


| erelgtgr) 


(12) 


da da ; \de er 
Ip 9p—- Ip-\ dp 
Re ln ee 


but this is no other than equation (4), i.e. the equation which 
expresses the definition of adiabatie invariants. 

‚In. this manner the problem set in the introduetion: to derive a 
general method of finding: adiabatie invariants, has been solved. 
Before discussing the more general applications two special problems 


ı—— elassieal ones for.the quantumhypothesis — may be treated by 
our method. u | | 
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‘5 (A). The linear oscillator. The parameter is here the frequeney. 
-The solution is as follows: 


B=}p +}ag=c p=F=-VY%,—af V= 2 P=[aV = (13) 
dq 


Ja 4 ag? 97 [a 
==“ F rt nt rue (14) 
DIV NEO /OVN. dg a 
IR Murnkakek Fer 
_ The mean value of the right-hand side is c,/a. Thus we obtain 
the. well-known adiabatie invariant c,/a. 


B. Body rotating about a fixed awis. Calling the moment of inertia 
(the parameter) A and the moment of momentum p, we have: 


71 u Dee : 
Eee p=F=V2A4s, v= [dgr=gVEAn. . (16) 
ROV eg 0oV Ag oV c 
Su EEE 54) A" = 
0 (/0VN\ © 
ee ee A Te Ann 18 
f (5) A 8 


which gives c,A = const., hence also p= T= v2Ac,=const. _ 
APPLICATIONS. 


6. The ceyche system. We call cyclie those co-ordinates which do not 
oceur in the expression for the Hamiltonian function (ignorable co- 
ordinates according to Tmomson and Taır’s terminology). They will 
be indieated by g(@=1;,2,..--; k), the remaining, non-eyclie co- 
ordinates by GR —=k-+1, k-#2,....;n. 
 Hence we have 


n 04 
H=Hnem).ıB=-,=I pm. (19) 
9x 


The characteristie funetion now will be 
7 — 204024; W (a, EN De (20) 
Rs ’ 


We shall further assume that c„ is the energy-constant; we then 
obtain 
oV oW ar own 


— Eu ER ER TERTA 
ach IF do) dc f ( ) 


where all t, excepting i„, are constants and u = t + const, 
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From the equations for i; the q, may be derived as functions of 
the c.,c, and t,. Further we have 
0ER an ee 
da da 


oV 
from which it follows, that Ey is a function of the c,, c, and t, and 
a 
independent of the t,, hence: | 
(= : nr | 0, — adiab.Iıvar ... . 22 
da 
-In the case, when X=n,i.e. wlıen all the co-ordinates are 
cyclie, we have 
A=Hip) p=«u Vepreh G=1,2, man 
ı - 
If the energy-constant c is a function of the c; which is found by 
substituting the c; in HZ, the new Hamiltonian function will be 


oV 


07. er 
But 3, is equal to zero, hence all c; are adiabatie invariants. As 
a a B = 


the co-ordinates corresponding to the moments c; the old co-ordinates 
g: must be taken — they are all linear functions of the time. This 
fact brings out the natural character of the method, hence it appears 
to be a very natural generalization of the method of reasoning 
followed. in the theory .of eyelie systems. 

' The simplest instance of a-cyclie system — a body rotating about 
.a fixed axis — was discussed above under 5. 


7. The conditionally periodie system. As is well-known a condition- 
ally periodie system possesses besides the energy-integral (n—1) 
other: integrals which are of the second degree with respect to the 
moments. They all contain the moments only as squares, not as 
products, thus only p;? and no PiPz. Solving the pi? we get 

P’=Wi (me...) P=VW (a... integration const.) (24) 
therefore each »; depends only on the ‚corresponding co-ordinates 
Gi. If the initial value of q; lies in between two simple successive 
roots a; and db; of the equation W;=(, the co-ordinate displays 
‚librational motion. We shall here consider the case in which this 
holds for all the co-ordinates n u 

The characteristic function 7 is now given by£ 
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v-2lavm = RE er (25) 


hence 


av SUB). oV4 
SIE, I EL — se lat 
Ir, fü vr, ie. 8627) 


The first group of the rheö-parametric differential equations has 


the following form 
. 0 /0V. 
l2 = — — | — 
It, \ da e 


or putting «= const and substituting for 0 V/da its value from (26) 


0 ‚My | 
(= (2/% da ) . . . . 3 (28) 


.. Now it follows from (27) that the integral within the brackets 
depends on Z, only through the intermediary of the g; (on cz it 
depends explieitly and also through the g;; hence 


ee 9Yy; Igi 
= (2) a a (28) 

We have now on the left to put the line indicating the ınean 
value- and -on the right actually to caleulate the time-average. For 
this we need the following propositions: the curve of the orbit fills 
the whole region ; <q <b;(t—=1,2....n), the filling being every- 
where “dense” '). The time-mean of an arbitrary function / of the 
phase of motion of the system, taken over an interval of time r 
inereasing indefinitely, may be replaced by the space-mean of the 
funetion over this region ?). In the variable quantities c;, & in order 
to compute the space-mean we have to integrate the function f over 
‘a “period-cell” and divide by the “volume” of the cell 


b; 


‚hence: 


. 1 TEE “ 
De lim fe 1 5) ke) | dt, 0% te IT . . a (30) 


T 


1) P. Sräcker. Math. Ann. 54 (1901) p- 86. In the proof it is assumed that 
between the wir (equation 29) no relations of commensurability exist. ' 


--2) Comp. J..M. BURGERS lc. p. 200. 
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Representing by 2, the sub-determinants corresponding to the wır 


he mean value’ of the right-hand side of (28’) after some 
tion may be written in the form 


bi 
1 hi) i 
Be RR 2| ve dgi 

25 da 
; ; di 
or putting 

b; 
vu; =ı2 dgi Vi 


a 


reduc- 


(32) 


and notieing that the integrand disappears at the limits of the 


integral, also in this form 


j Ovi; 
ne 2 = 2 Fr: 


Hence we obtain the relation 


‚ER 


det ER 


(31) 


(33) 


We now solve this set of equations for the derivatives dv. /da 


0%; er 
OT |) 
a % 


. Instead of &„» we may write 


bi 
d z a Or 
a Em AL 
ee Ic EROR dc, 
a; 
Hence instead of (34) 
dv; 2, vi — 


(34) 


(35) 


(86) 


The v. are functions of a and of the cz; the left-hand side of (36) 


therefore is the complete “adiabatie” derivative > hence the v, are 


adiabatic invariants. 
The above invariants have been obtained by submitting 


to the 


Series of operations prescribed by our method the first group of our 
rheo-parametic equations, those for c',. We shall now show, that 
we need not proceed and that we need not consider the second 
‚group. of equations, those for ?',, at all, supposing our object to be to 


find the eondition mentioned in. the introduction under. (2) 


which 


_ every quantum-quantity of the conditionally-periodic system has to 


24 


satisfy. We may briefly formulate the condition mentioned under (1) 
by. saying, that each quantum-quantity v must retain a constant 
value along the “orbit” of our system; it is a function of those 
integrals of the iso-parametie system which do not contain the time 
t explieitly, 1.e. Of C,,....Cn ia... n. The time-mean of vis there- 
fore v itself. We may then replace this time-mean by the space-mean 
for the cell 2; this being a function of the c, and a, visa function 
of the c, and independent of £,,....t. Now we have found n adia- 
‚batie invariants, functions of c and a; the remaining ones, which 
have not been computed, all contain the {,, hence we do not need 
these for our present purpose. The conditions (1) and (2) for a. con- 
ditionally periodie system without commensurate relations between. 
the w.,. therefore assume the form 

v — fund (c,,.-.-Cn;5a) (37) 

v» — funct (0,1. %n) 
where the », are given by equation (32). We know, that the 
quantum-theory chooses as quantum-quantities the v, themselves 9: 


$ 8. The ergodie system. So far we have assumed that the iso- 

parametric problem is actually solved. Now we shall only suppose, 
that the energy-integral 

ER EN  a RER  M e (38) 

is given and in addition introduce the “ergodic” hypothesis that 

the system _passes through every point of the “energy-surface” 

H=c,*). The time-mean F of a phase-function f is then given by 


4 
ff. ann an m; 
= Ä ne Ba N LS) 
Je Je. ap. 40... 0 
qı 


the integrals being taken over the energy-surface Hz=e, 
As a very natural specialisation of our general method we now 
take as transformation-function 7 the quantity 


v= (Fan Diehl‘) 


I) K. SCHWARZSCHILD. Sitzungsber. Berlin 1916. p. 550. P. EPSTEIN. Ann. d. 
Phys. 50 (1916) p. 489; 51 (1916) p. 168. A. SOMMERFELD. Ann. d. Phys. 
51 (1916) p. 1. 

32) Cf P. and T. EHRENFEST., Enc. .d. math. Wiss. IV 32. $ 10. 

3) L. BOLTZMANN. Gastheorie Il p. 88. and.seq. 
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F being the expression for p, which is obtained by solving Hess, 

9% =F(p:: Pr Gar - - Im 6150) N (41) 

When this expression is substituted in 7=c, the result will be 

an identity. By differentiating this with respect to C,, Ps, +» Pn»Jas ++ »Qns 
we find 


oF = 
OH _ LH _ 0 Ds OPz (42) 
oF 9F og OF dp: 27 | 
dc, dc, de, 


from which the Hamiltonian equations are easily derived as follows 


a Le RE (42') 
Op de dp dig, de, 


Let us now form the derivatives of the transformation-funetion V’ 
with respect to all the variables which it contains: 


OR la) OBUNEAT - SEE Hrn Br TR ER (; 
I u, Od. 9, —Pr ID. op. 9,—Qr u, de, Mh 
Evidently V forms the transition from the variables p,,..., Pr 


+: :,0n to "the "Varläbles pr... Ps gan. 5 6, 1 Oizalliihe 
rheoparametric differential equations we only need the equation for 


c' here, viz. 
IM Lu for, 2 
se) are 


The integral inside the brackets only depends on £ through g,, 


hence 
HaRTa & 44' 
Az FrR. a a ( ) 


We now form the mean value according to (39): 


' oF 
nr |. 5 fer. Son dpn dag, > dan AR 
Me er OF 

Tas. 2... don dg, » » » dgn — 
dc, 


‚where in the denominator 1/g, has been replaced by = according 
0 


to the last equation of the set (42’). It is easily seen, that the 
numerator and denominator are the partial derivatives with respect 
Io a and c, respectively of a function V of the form 


Vele.. [ap .2.dpndg,..-dgm “0220 (46) 


(45) 
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the integration extending over the region enclosed by the energy- 
surface 7 = c,. We thus have 

OR. N 

Be. a a 
hencee V is an adiabatie invariant. It can also easily be shown 
that this quantity has a meaning which is independent of the system 
of co-ordinates used; it therefore also satisfies the condition mentioned 
in the introduction under (3). The same is true for the quantity 
called v in $ 3,b. 

It remains to be seen under what conditions the quantities v, 
defined by equation (32) also satisfy this requirement. It may be 
expected that this enquiry will teach us how to quanticize systems 
which are “degenerated’ in different ways. It also seems very pro- 
bable, that this question will be decided on the lines indicated by 
Pranck !) and SCHWARZsCHILD ?). For instance, as regards the movement 
of a top on which no external forces are acting, of the three adia- 
batie invariants: tbe moment of momentum, its projection on the 
axes of the figure and its projeciion on S-axes of a fixed system of 
coordinates of arbitrary orientation (all three multiplied by 2) only 
the first two may be quanticized. The “elementary region” thus 
will be not A? but 4° (2n, + 1), where n, is the quantum-number 
corresponding to the moment of momentum. On this ground excep- 
tion may be taken to Epsmzin’s caleulation of the specific heat of 
hydrogen’). To all these problems — problems relating to the 
adaptation of the quantum-hypothesis to different cases — I hope 
to return Soon. 

The method above developed is independent of this question, it 
is the solution of a purely mechanical problem. lt seems advisable 
to try and apply it to systems which cannot be integrated by a 
geparation of the variables in Hamımron-JacoBr’s partial differential 
equation, e.g. to the Poınsor-motion. About this question also I hope 
to be able to make a communication shortly. 


Petrograd, September 1918. Physical Laboratory of 
the University. 


l) M. PLAnck. 1. c. 

2) K. SCHwARZScHILD. Sitzungsber. Berlin 1916. p. 550. 

3) P. S. Epstein. Ber. d. D. Phys. Ges. 1916 p. 398. Compare especially 
(10) on p. 401. Objections may also be made to the quanticizing proposed on 
p. 407, seeing that the quantum-quantities in that case are not adiabatic invariants, 
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